"UARI Research Report No. 126

WT7S //c,ﬁé‘oo

THERMAL ELASTOPLASTIC STRUCTURAL ANALYSIS OF

NON-METALLIC THERMAL PROTECTION SYSTEMS

by

T. J. Chung and G. Yagawa

Final Technical Report

(NASA-CR-124005)

THERMAL ELASTOPLA STIC

STRUCTURAL ANALYSIS OF NON-METALLIC
THERMZ_&L PROTECTION SYSTEMS Final
Technical Report {(Alabama Univ.,

N73-15948

Unclas
G3/33 16354

Huntsville.) 78 p HC $6.00 CSCL 20M

This research work was supported by

the National Aeronautics and Space Administration
George C. Marshall Space Flight Center

The University of Alabama in Huntsville
School of Graduate Studies and Research

Contract NAS8-27792

Huntsville, Alabama 35807 -

August 1972

Rsi:roduced by }
TIONAL TECHNICAL
l':l?ORMATlON SERVICE

Department of Commerce
Usspri':!glield, VA. 22151.

"



UARI Research Report No. 126

THERMAL ELASTQPLASTIC STRUCTURAL ANALYSIS OF

NON-METALLIC THERMAL PROTECTION SYSTEMS

by

T. J. Chung and G. Yagawa

Final Technical Report

This research work was supported by
the National Aeronautics and Space Administration
George C. Marshall Space Flight Center
Contract NAS8-27792

The University of Alabama in Huntsville
School of Graduate Studies and Research
Huntsville, Alabama 35807

August 1972



TABLE OF CONTENTS

Page
PREFACE ....... S e e eeeeee i,
LIST OF FIGURES &t ettt ettt neaeca et enetseneoneneanoesoaanens anoens .ii.
NOMENCLATURE ¢ et v v v ot ot oo ansmannnnencnenenoeussonossenensnssseanesasas - idd.
ABSTRACT « -« - v v e e eeee e e e e e e v.
SECTIONS
L. IntrodUCLLOn .. e e e l... 1
2. Thermomechanical Preliminaries ............. R REEE -2
3. Thermoelastoplastic Behavior .........viuiiininveennna, 3
4, Heat Conduction Equations-Finite Element Formulation ........ 8
5. Incremental Finite Element EQuations of Equilibrium ........ | 12
6. Solution.Proqedpre ............... [ AP [P e 14
7. .Applications; e e n e e e e e e 15
8. Concluding RemarKs .........iiiiiminiineeneenneensenneannennn, 31
REFERENCES o : - _ ’ 32
APPENDICES
A - Capabilities and Limitation of the Program ................. 34
B - Various Integrals in Isoparametricvﬂlemeqt .................. 35
C - Flow Chart .; ..... e e e e e e e e e e e e e e 38
D - Subroutine Organization Chart ............................ . 40
E - Descriptions of Subroufihes ................................. 41
F - Data Input Format ................ .... e PR 44
G - Program Listing ’..................; ......................... 48



PREFACE
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. "Thermal Elastoplastic Structural Analysis of Non-metallic Thermal Protectioﬁ
Systems." This study was monitored by Mr. C. R. Zimmerman, Analytical Mechanics

Division, Asttronautics Laboratory of NASA's Marshall Space Flight Center.
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NOMENCLATURE

Bty = Tensor of thermoelastic constants
E’J = Tensor of thermoplastic constants
c = Specific heat |
dy = Positive constant
D = Dissipation
EiJkﬁr = Tensor of elastic moduli
ENTY) = Tensor of plastic moduli
ﬁ | = Plastic modulus
(9) ' _
r = Components of mechanical force
h = heat supply
q = heét flux
Ty, T = Reference temperaﬁure and temperature change
ud, u, u = Components of displacements, velocity, and acceleration
- = Equivalent yield strain
Vi = Strain teqsor
At _ = Timé interval
e = Strain energy density
M ' = Entropy
9 = Absolute temperature
o> P = Density at initial and deformed configuration
- = Equivalent yield stress
ot : = Stress tensor

iii,
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Free energy

Normalized displacement interpolation function

Normalized temperature interpolation function
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THERMAL ELASTOPLASTIC ANALYSIS OF

NON-METALLIC THERMAL PROTECTION SYSTEMS
T. J. Chung and G. Yagawa

ABSTRACT

This report presents an increméntal theory and numerical bfocedure to
analyze a thrée—dimensional thermoclastoplastic structurc subjected to high
temperature, surfaqe heat flux, and volume heat supply as well as mechanical
loadings. Heat conduction equations and equilibrium equations are dérived
by assuming a specific form of incremental free energy, entropy, stresses
and heat flux together with the first and sééond laws of thermodynamics,
von Mises yiel& criteria and Prandtl-Reuss flow rule, The finite element
discretization using the linear isotropic three-dimensional element for
the space domain and a difference operator corresponding to a linear variation
of temperature within a small time increment for the time domain lead to
systematic~solutions of temperature distribution.aﬁd dispiacemenf.and stress
fields. Various boundary conditions such as insulated surfaces and‘convec-
tion through uninsulated surface can be easily treated. To deﬁonstrate
effectiveﬁess of the pfesent formulation a number of example prohlems'are

presented.



1. INTRODUCTION

The mechanics of thermoelastoplastic solids has attracted the attention of
many investigators in recent years;’ The development of the theories of thermo-
elastoplasticity began with an attempt to consider the plastic deformation
as a thermodynamic state variable and with the controversial treatment
of finipe deformations. Crucial difficulties lie in the proper choice of
free energy functional and methods of numerical computation.

Biot.[lj and Coleman and Gurtin [27 used.tﬁe concept of state variable
in dealing with thermodynamics of viscoelastic materials. Perzyna and
Wojno [37], Kratochvil and Dillon [47], subsequently, emplbyed the similar
concept by decomposing the total strains into elastic and plastic strain
components. The recent work by Valanis [51 uses also the concept of hidden
variables, but introducing no yield surfaces. Finite elastoplastic deforma-
" tions with thérmodynamic considerations were also discussed by Green and
Naghdi [77]. Schapery [8] stﬁdigd a thermodynamic constitutive theory with
histﬁry effects represented by single integrals. Recently, Oden and Bhandari
[9] proposed é general funcgional theory of thermodynamics of viscoelasto-
plastic solids and showed that various théories of viscoelasticity, fate
independent Viscoplaéticity and piastidity can be obtained as special cases
by imposing suitable constraints on the material.parameters. |

All of these theories mentioncd‘above,:howevcr, lead to considgrable
mathematical and computational diffigulties in dealing with problems of
geometfical complexity. The present paper is an attempt to establish'an

alternate approach. We derive incremental governing equations for three-



dimensional thermoelastoplastic solids and provide convenient solution

techniques by finite elements in space domain and the difference operator

in time domain. Although an extension to materials with memory presents

no special difficulty, the present study is not intended for viscous be=

havior. 1In this study, the Lagrangian coordinétes are used disregarding

the finite strains, butblarge deformations are includgd in the formulation;
Finally, example problems are presented to demonstrate the mefits of

the present formulation. Effects of fhermomechanical coupling, thermoplastic

deformations and stress, andAdevclopmuntS'of plastic regions as a function

of time are shown and evaluated. Various features not included in this study

such as temperature dependent material properties or dynamically coupled

inertia effects may be treated with minor modifications.

i

K ., 2. THERMOMECHANICAL PRELIMINARIES

It is assumed that the behavior of the body under thermomechanical
environments obeys the laws of conservation of mass, balance of linear

and angular momentum, conservation of energy, and the Clausius-Duhem

inequality,

A pdv (la)

VO v
013 + pFd .- plid = 0, gld = gt ' - (1b)
. _ _ _
pe = otiyy, + qaj + ph (lc)
b+tge, =0 1d)
g 40,y 2 (1d)



D'=pe,ﬁ-qj~nh o (1le)
Here p is the mass density with the subscript o indicating undeformed
configuration. g!! is the second Piola-Kircﬁhoff stress tensor; superposed
dots represént time rates; strokes and commas are covariaﬁt and‘ordinary
differentiations; F! aﬁd ul are the body forces and displacements; Yy 4 is
vtﬁe strain tensor; ¢, h and T are the internai energy, heat supbly and entropy
per unit ﬁaés; q) is the heat flux per unit area; ¢ is the absolute temperature;
D is the internal dissipation. It is understood that for small strains
po = p and for rectangular cartesian coordinates covariant and ordinary
differentiations are the same.

The free energy ¢ is defined as
®=c - 01 . 2y

which leads to

o = oIy, - D - ol _ (3)
3. THERMOELASTOPLASTIC BEHAVIOR

As discusséd'in Sectiqn 1, our approach is to avoid the functional
theory or the state variable concébt. Instead: of expressing.the free
energy as functionals of all the hisgorics of strains and temperature and as
a function of temperaturelgradient,.we postulate an existence of ¢ in incre-
mental quantity so that for a small time interval At
M) = 8{4{ (), LD (), Bt} (4a)
Similarly,v.

oti(at) = zhi{yﬂj’(/\t), yﬁg’(At), 8(at)} (4b)



qi(at) = Q{Yg;)(Ai), y§§>(At); 6(at)} (4¢c)

nte) = ﬁ{yﬁg’(At); VP, et} (44)
Here it is assumed that the total strain is the sum of the elaétic and
plastic compoﬁents with (e) and (p) representing, respectively, '"elastic"
and "plastic".

The implication of (4a) through (4d) is that the free energy, stresses,
heat flux, and entropy are functions of elastic strain, plastic strain and
temperature only within the small time interval. 1t is then a simple mafter
to derive the governing heat conduction equations and equations of equilibrium
in "incremental form'"., All histories may be carried over from one increment
ﬁo anothef through the step-by~step numerical time intégration.

Although the free energy can be shown in various'forms depending on the
material propertiés &r the purpose of analysis, the present study i; limited

to a particular case including only quadratic terms as follows:

. % ‘_ .

pp(bt) = HR1 kL8 (At)yE gt by () (at)y{ Phat)
SBUT(AE){§) (at) - BHIT(AE) () (at)

_c TEgAﬁg (5).

2T,
. *
in which Et1xf and E11%£ are tensors of elastic and plastic moduli; B!J and
*
B! are tensors of thermoelastic and thermoplastic moduli; ¢ is the specific

heat; T

o and T are the reference temperature and temperature change related

by 8 = T, + f. Here Eiskﬂ and giJ are the functions of current state of
stfess in the iﬁelastic réngé. It should be noted that-such inelastic material
pfoperties cannot be admitted had the form of free energy been expressed in
~entire histbry domain rather than in a small time interval. These arrays of

plastic moduli remain constant only during the small time interval and must



be updated as the state of stress changes.

Likewise, the expression (3) in a small time increment is given by
pn(At) = oii(at)y,, (at) - D(At) - pN(at)e(at).

=013 (at) (v§37(at) + ¥{37(at)) - D(at) - pN(AL)T(at)  (6)
and the time rate of (5) becomes

. . % .
pp(At) = Eidkﬁyiz)(At)yiz)(At) + hiﬂkﬂyiz)(At)ygz)(At)

- BUIT(AE) g0 (aL) - r;i:T(At);,§3>(At)

c T(At)i(Af) N

- ﬁi.l’i‘ t)Y L) (At) - fi_xj']' ) lp) o
(A )yiﬁ (rt) (A )_yiﬁ’ T

(8}

In view of (6) and (7) and dropping (At) for simpler notation, we obtain

. . - . ) _ -7'c P
O S FUR UV T

° kS % . »
- %;I +pM) T +D + Ei,JkEY(ii)\-'(g(E) - BUTYS‘JW - Guy(iz’) =0 (8)

For all arbitrary values of §g§) and f.the following relationships must be

true from (8):v

ofa = Exjkzyiz)'- B1IT (9)
- NP TRTN S SIS S '
o1 B13(9) + B1ay () + T (10)
YR ENE D gi#i (?) 135(P) : (11)
D= -E vis vid’ + viyo T O vy ,
It is interesting to note that the internal dissipation ¢onsists of terms

associated with thermoelastoplastic strains or energy dissipated by plastic
deformaﬁions._

To evaluate Eidkﬂ and gil the Qon Mises yield criterié and associéted
flow rule ﬁay'be used as discussed by earlier investigators [10, 11,.121.

Writing (9) in differential form,



ot = BNy - A)) - B 12)
where ,
py _ DOF

Thé plastic potentiai F is related by the equivalant yield sfress E and
.the second deviatoric stress invariant J,

F =02 = 3J (14)
from which we derive the incremental yiecld stress in the form

- 3 )
do:Ec—T ot

dotd = 7 dot! ‘ (15)
and d\ in (13), a positive constant, can be shown to be
dr = dy{ ¥ /20 | | (16)

with the incremental equivalent yield strain d;(v) related by the bilinear

plastic modulus E as
(p)

dy(») = ag/n( ) : o (17)
0 ,

Using (13) through (17) in (12) we obtain

dgtd = Eidkﬂ(dYkz - 7, @V P)) - B1IdT (18)

In view of (15), (17), and (18) dy(») assumes the form

- oyl o -
dy(e) = 1 (%, Et3*%Ldy, , = Z,,B13dT) (19)
where
= E 47,2, Erety (20)

Substituting (20) in (18) yields

L) 7I K
gt = E1Ikgdy,, + E13%LdY,, - B1AdT - B11dT (21)
in which
9 . : '
F1ikg = _H-lgijmnzpqzmnEkzuq (22)

%
_ -1 - o
Bl = <} Bm“LngkzL13kﬂ | (23)



We now return to (le), a representation of irreversible thermodynamic

processes and express it for a small time increment in the form,

08 (AE)T (AL) = q(At)i - ph(at) - D(at) = 0 (24)
aE }

- Once again dropping (At) and substituting from (10) and (11), it is

possible to write (24) in the form
(o) 4 pige(e) o EL
(T, + T)(Bidyue + Binig + TO)

7 ' % -
- - LT (p)Ys(v) _ poCP) o () -
ql ph +4 Eijkzykz 55 “111V15) UijVag 0
K (25)

where
(") - - °
Yis T Yy ng) (26)
and

. Y — 5 T ( - S R - . _ .
W o= 2y P) Zy T (2 ERRRLL = Z, BUAT) 27

Substituting (26) and (27) into (25) yields
(T, + T){(B!I + B13 + B13)5, , + (B + p) T

* % . e
13 Yaw ~ Efier G vy an)

% . X - ”»* . - o » ~
-Eismnwln Yoy T+ Exdmnwmn T YSS) - Btjyij -RT

*oe . ’
- O-KJ(G YiJ + W1J T) =0 (28)
where
kS -1%x '
pld = H Bxaépq4k£EPQR£ (29a)
~ N ,
B=H Bidéijzqupq , : (29b)
a 1%,
B = ~H Bijzijépqﬁvq ‘ (29¢)
L% - ) ) . :
G=H 2z 7 BErov (29d)

on mn

Wy, = H 7z, 2 v D (29¢)



Note that all quantities in (28) are now expressed in terms of the total
strain and elastic strain but not plastic strain. The plastic behavior

<

* % * ~oo
is exhibited by E!!kf, B!, g!J, B, B, G, and W, . It can easily be shown

e K~ 0~ :
that for isotropic solids B, g, B, R, and W, . oare always zero. They need

be considered only for anisotropic solids. Here elastic strains follow
simply from the elastic constitutive law.

| The expression in (28) is the transient heat conduction equation with
a complete elastoplastic coupling and internal dissipation. The formulation
of_incremental finite element equations from (28) will be shown in the

following section.
4. HEAT CONDUCTION EQUATIONS-FINITE ELEMENT FORMULATION

To introduce the finite element apﬁlication to (28) the element

temperature T and element displacements u, (1 = 1, 2,.3) are replaced by
a linear combination of all nodal temperatures TR and all nodal displacements
uN with suiﬁabie interpolation functions [9, 16], in the form

T = Qqur (30)

u, = W1NUN ' (31)
For the 8 node isoparametric element, we have R = 8 and ~ = 24. () and
y,y are the normalized interpolation functions for temperatﬂre andrdisplace-
ments, respectively.

The strain-~displacement relationship is given by
Y1 =_%(ui’d tUpsy UL, U ) . (32)
On substituting (31) into (32), we have

Yig T ANIJUN + CNMiJuNuM (33)



where ANIJ and Cymyy aTe the strain transformation operators,

Avgg = 5oy *+ byeoy)
Cymyy = % Yrnr1bymo
Now let it be required to solve the differential equation (28)

rewritten in the form

Livygps v4y> T, T =0
or upon substitution of (30) into (33),
L(uN, N, TR, TR) = 0 (34)

where L is the differential operator and L(uM, uM, TR T®) is considered
as the local residual L(uMN uaN_ 7R, TR). Requiring this local residual
to be orthogonal to the subspace spanned by the functions (3, for each finite

element;‘i. e,,
L(uN, ov, TR, TR)O.dv = 0 - . (35)
v

which is essentiaily the Galerkin's method, we obtain the finite element

model of (28),

. . * k3 .
{(T, + QTU)NL[(BYY + B1Y + B13)(A,,, + 2C,,, ,uP)u

v
~ ~ . C : 7‘s ¥ N
4+ (B+B) NI + Eg QSTSJ - quQR - php, + h1Jm"GQR(ANiju
4 CNM”uNuM)(APmn -+ ZCqu“uq)ﬁP - Eiém“G(%(APIJ 8] ZCPqtjuq)ﬁPY;:)

* ) . . e .
- F N 4O My (N 3 71 ) (e)
E4ImnW, 0 Ay ut o Cyyuiu®) T EXIonW O Ty, g

ki3 . . =
B0, (ANijUN +2CNM”uMuN)T + & T

oti0, (A, UM +ZCNM156"“”1§* o0 Wyt = 0 (36)

Introducing the linear Fourier law,

qt = T,
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where 413 is the thermal conductivity, using the Green-Gauss theorem,
and after some algebra in (36), we finally arrive at the finite element

heat conduction equations for a kth time increment,

s = Q) 4 pla) u ple) 4 PLEP) 4 PLTe) (37)

+ R
Ry R oo foo o fao oo

S
NR ST( S

)
in which

heat capacity matrix

Ny = f e Qg dv (38a)
conductivity matrix v
RRS = -[. M"JQR’ins’Jdv . (38b)
, Y
volume heat supply vector ' ' : :
p{a) = [ pho.dv (38¢c)
(x) -
v
surface heat flux vector
Pla) = fq*nianA (38d)
(k) . i
A .

Here n, is the unit normal to surface. TIf the surface is uninsulated and

1

convection loss is to take pléce due to ambient temperature T' then the
following boundary condition should be met:

q'n

,+q+a@-T) =0

or -qini = -q = (T = T")
where ;-is the film coefficient. This requires the surface heat flux
vector (38d) to be replaced by

P-g“;) = - f M (a4 - oT')dA -fOR;QSdAT&) o (38d-1)
‘ J | |

A
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The second term of the left-hand side of (38d-1) may be added to the

conductivity matrix (38b) so that

Rog = fnunﬂ,ioﬁ,ddv +f5 L NgdA (38b-1)

v A
and
pla) = - O (a4 - o' )dA  (38d-2)
(x) = _
A
Pseudo heat capacity vector
per = [ £o0r av}i | (38¢)
(%) To (x~ 1 (x=1)

v

Pseudo elastoplastic coupling vector

. kS *
P&ED) = {' f (To + 'I_‘(k _ 1))QR(B13 -+ BtY + aid)(AMij

{x)
v
+2C uf dviuM + (L, + T o)
MP 1 (k-—l)) }(k—'l) {’f 0 (k_l)gvﬂ
v
(B + R)Q,dv]Ts , (38£)
(x - 1)
Pseudo thermoplastic dissipation vector,
(1p) =-f CE ymag (A N C N M )
P D = - nn u + u u
Ry LR TE NHEI e - 1) (k= 1)
v . .
A+ 2C, ud ydvlurP
Brma Pame (x = 1) (k = 1)

(k= 1) (x -1y "™(x -~ 1)

*% k3 . . .
+ {fE”“‘"Gﬂa(Apu + 20, 4 W ydvae v e)

v
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iy
: 138 ny N+ C ) :
# {~]‘ E13 "Wmnf%(Aulduaw* CNMiJ&u@)) v}l(k -1)
. e

{ Eijmnw QRdv'}T y(o)
i .
(x = 1) (x -1)

+{ 130, (A © +2C un YdviT
f R NiJ( - 1) NM”(k—n(k—l) (x = 1)
dv}T + | otin. (A an
{fﬂOR - f O (B g0
+2¢c,, 0% um av + | [wotingdvlT
M -1y (k- 1)) {fvo O }Mn (38g8)

Here (x - 1) refers to the previous time step; and if the pseudo elasto-
plastic coupling vector and pseudo thermoplastic vector are removed the
expression (37) is identical to the uncoupled transient heat conduction

equations,

5. INCREMENTAL FINITE ELEMENT

EQUATIONS OF EQUILIBRIUM

The standard finite element equations of equilibrium is given by

' ?W _
v ) :

in which F;‘) is the nodal applied load vector. The incremental form of

(39) is obtained by taking a variation of (39) in the form

f dot) Lt o +f orid [Mas ] av = ar(e) (40)
.o bu .
v v » :
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The first and second terms in the left-hand side of (40) correspond,
respectively, to incremental changes of stresses aﬁd geometries, In view
of (20), (21); (22), and (26) and pefforming appropriate differentiations,
it is now possible to’write (40) in incremental quaﬁtities,

% .
LIl 4 B1Ikd) (A, pduN 1 2C putdut)
v

I .
- (B3 4+ BiJ)fthR](ANig + ZCNMxAUM)dV

+./. 2013CNMdeUMdV =‘ngﬂ) _ (41)
v ' |

It should be noted that g!! in the 1ést term of (41) implies>the initial
gtresseé or the residual stresses in thelstructure just prior to a new change
in geometry.
After some élgeB;a tﬁe final form of incremehtal thermoelastoplastic
equation of.equilibrium for the jth-incremental step
S (k(e) + Kggv)’ + K(N':,‘))du:’lj)z dr'g?i)Jr ng(Tg).+ ng(Nj’) (42)

in which K%ﬁ), K&%), and K%a) are the standard stiffness matrices répresent-

ing linear elastic,‘geometrically nonlinear, and plastic behavior, respectively,

K<N;7 =f EUMANUAMRQdV
v

K(N%> :f 2 Onil’CNMijdv
v

s
K(N;’R =f hidk«@ANHAMkzdv
v

and the incremental thermoelaétoplastic load vector dF%T) is
(1) . ¥
CdFyT? = { (Btd + BYI)O, (A + 2C

) L )dv}dT*
(3

N1 (y - 1) Sy - 1)

v

+ {j- B3 Cyy, ,dvidu® TR ' (43)
v

(y — 1) (y - 1)
All the rest of the terms in (41) other than those mentioned above may be

grouped in F%N) called the pseudo nonlinear load vector but may be dropped
1)
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because of their negligible effects.

6. SOLUTION PROCEDURE

,

We are now provided with incremental heat conduction equations and
equilibrium equations, FEither thermal loads or mechanical loads or
both méy be applied. Depending on loading and boundary conditions, we
can either Starf from equilibrium equations or heat conduction equations,
but both equations must be solved iteratively within a time increment.
Any existing recursive formula for step-by-step integration oxr difference
operator may be used to solve heat conduction equations. 1In the.present
study a difference operator for lincar variation of temperature within
a time increment is combined with iterative solution of plastic equilibéium
equations.

The incremental temperature at any time step k is given by [14,15].

.29 (2 -1
T -Z(At_b{+§) {p

~() . AF

~(k =~

+2rT  }-T (44

AL~~~k = 1)" . ~(k - 1)
, (0) 4 plad 4 pled s pCP)
Herelﬁ,‘g, E) andv T are assembled forms of N ., Ry, PLQ7 4 Prad 4+ Pre’ 4+ Phy
+ PQP), and TR, respectively. The reference temperature and initial thermal
input can easily be incorporated in (44) and the temperature change at the
end of the first time increment calculated.
The results of this solution are used in the assembled incremental
equations of equilibrium to determine the displacéments and stresses.
These stresses are checked, element by element, for yielding. If any
element has yielded the plastic tangent stiffneés matrix is‘constructed

and the standard iterative cycles are repeated until convergence is achieved

[10,11,12].
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With the final values of displacements, it is possible to calculate
the displacement rates by

uy = (ﬁk - ug =y )/At (45)

for use in the heat conduction equations, Returning to the heat conduction
equations for the second time increment, the process_is repeated as before
except that the elastoplastic coupling is now to be included. The elasto-
plastic and thermoplastic model as determined in the.coﬁverged solution of
the plastié equilibrium-equatiohs of (42) will Se used in the heat con-
duction equations.. The marching with time increments, thus, continues
until the desired lengﬁh of time has been reached. Details of the
.computer program are given in Appendix A~ Capabilities and Limitations
qf thée Program, Appendix C- Flow Chart, Appendix D - Subroutines Organiza-
tion Chart, Appendix E - Description of Subroutines, Appéndix F- Data
"Input Format, and Appendix G~ Program Listing. |

In the present study, we use temperature and displaéement.approxima-
tions based on a three~dimensional linear isoparametric function and the
integration is performed by an 8 point Gaussian quadréture [16] (see

Appendix B).

7. APPLICATIONS

In order to verify, first of all, correctness of the present
approach a comparison study Qas made for an uncoupled heat conduction
of a beém reported by Wah [(17] who used a claséical éeries golution and
substantiated his results with Boley [19]. An excellent agreement was

obtained as shown in Figure 1.
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Nekt, a series of example problems were tested to determine effects
" of various terms in the governing equations; namely, behavior due to
coupling and non-coupling, linear elastic and elastoplastic.éroperties.
Figure‘Z shows the information on geometry, boundary'conditions, material
constaqts and teﬁperatﬁre input. Only one-quarter of the symmetrical
three—dimensioﬁal solid is shown. The temperature. change of 200°C is
applied at nodes of the center-left end element. The material properties
given in Figure 2 represent a mild steel. The.tfansient temperature dis-
tribution in thé»direction of x with y =2z =0 is shown in Figure 3.
Effects of elastic and elastoplastic couplings are studied in this case.
It is interesting to note that there exists little difference in tempera-.
ture distribution between elastic.of elastoplastic couplihg for the time
period examined. -However, the displacement w at y = 100 mm énd z = 300 mm
becomes'larger‘for elastoplastic coupling than that for elastic coupling
after approximately one hour as shown in Figure 4. The changes of w dis-
placementé vs. time;at point A are plotted in Figure 5. It is seen that
uncoupled displacements are larger than the coupled displécements, a
trend confirmed by Oden and Poe [18] in their study of therﬁoelastic
one~dimensional préblems. It should be noted that the elastoplastic
displacements are larger than the elastic displacements in both cases.
Figure 6 reveals an interesting fact that temperature is also lower for

a coupled case than forlan‘upcoupied case but little difference is noted
for either eiastic or elastoplastic behavior. Figure 7 shbws the stress
in z direction o, from that for elastic coupling, a fact well known in
mechanics. Finally, plastic regions developing with elapse of time are

shown in Figure 8, indicating little effects of coupling.
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The effects of convection through uninsulated surfaces with the film
coefficient ¢ = 1.0 Kg/mm hr °C, ambient temperature T' = 1000°C and the
heat flux q = -100 Kg/mm hr at = 300 mm on the x-y plane are investi-
gated and the results are shown in Figure 9. Large elastoplasfic
displaceménts (wj result due to surface heating together with ambient
conditions. Variations of material properties from element to element.
are accommodated in the program and an exampleAproblem for such case
isldéscribed in figufe 10. Once again the transient temperatufe dis-
tributions are‘almést identical for elastic coupling and elastoplastic
coupling as shown in Figure 11. Significant deviations exist, however,
for displacements (w) (Figure 12) bhetween eiastic and elastoplastic
couplings as temperaturc riscs as noted earlier for the uniform material.
Because of ambient temperature and heat flux through uninsulated surfaces
and variable material properties throughout the strﬂcture, the pattern

of development of plastic regions (Figure 13) differs considerably.from

that of thé previous example of uniform material and insulated surface.

In the foregoing example problems, geometric nonliﬁearitiés are excluded
for the interest of éomputing time.

It should be noted that for the caée of an iSofropic solid, the
tensor of thermoplastic moduli (23) and expressions of (29a), (29b), -
(29c¢), and (29e) are zero but must be updated in the case of an aniso-
tropic solid as plastic deformation progresses [9]. Although the
temperature dependent material properties, finite strains, and the
dynamic-coupled inertia effects can easily be handled, such applications

are not included in the present study.
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Yo ? Tymp (%) = 5 (-4 %)
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O This Solution (At = 0.1)

Series Solution by Thein Wah

Figure 1

Normallzcd Coordinate y/ﬂ,y

Transient thermal stress distribution in the free-free beam, uncoupled.
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L 600" e

DISPLACEMENT BOUNDARY CONDITIONS:

umvay=0) At x=0 and x=600 mm
v=0 At y=0
w=0 At z=0

TEMPERATURE BOUNDARY CONDITIONS:

Insulated on all the surfacee‘except at
the points (x,y,z) = (0,0,0), (0,100,0),
(0,0,100) and (0,100,100) which are

o
kept at 200 ¢C.

CONSTANTS :

]

E = 2.0 x 10% (kg/mn®), E 2.0 x 10° (kg/mm®), g, = 25.0(kg/mm®)
(

®)

v=20.3 , o

1.3 x 1075 (/%) , » = 9.0 x 10°® (kg/hr °C)

#

c = 0.3 (kg/me® °c) , T, = 27(°C) , At =-0.05 (hrs.)

Figure 2 Discretized geometry of three dimensional solid and input data.
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Figure 3 Temperature distribution of y =2:=0in Fig. 2, coupled.
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Figure 5 Tronsient Displacement w at point A of Fig. 2.
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Figure 7 Stress:c,‘ - displacement w for edement B of Fig. 2.
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Figure 8 Development of plastic regions,
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MENT w (mm)
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¢
4

DISPLACK
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O-——0 Same as in Fig 4
0.544 [}———{J Convection through uninsulated surface
(q -100 kg/mm hr, @ = 1.0 kg/mm hr C
T' = 1000 c, unlnsulated on X ~ ¥y plane
at Z = 300 mm)
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0 100 200 ' 300 - 400 - 500 600
COORDINATE X (mm) ’
Figure 9: Comparison of Coupled Elastoplastic Displacements (w) With and Without Surface

Insulation at'y = 100 mm, z = 300 mm in the %-Direction.
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NANAN VAR
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., @—————600mm —————-———4J

DISPLACEMENT.BOUNDARY CONDITIONS:

u=v=w=0 At x = 0 and x = 600 mm
v =0 At y =0
w=20 At z = 0

TEMPERATURE BOUNDARY.CONDITIONS:

200°C at the points (x,y,z) = (0,0,0), (0,100,0), (0 0,100)

T =
and_(O,100,180). s
& = 1.0(kg/mm.hr °¢), T’ = 1000.0 (°c) and q = -100.0(kg/mm.hr)

- on the sufface 7 = 300 mm.
Insulated on all other surfaces.

CONSTANTS:
E=2.0x 104 (kg/mm?) for elements 1~ 6,
E=1.0x 10¢ (kg/mm?) v for elements 7 ~ 12,
E =0.7 x 104 (kg/mm?) for elements 13 ™ 18,
E( ) =1.0x 10® (kg/mmR) , o, = 9.5(kg/mm?®) , v =0.3

.
¢ =1.3%x 105 (/%) , x = 9.0 x 10® (kg/hr °C)

0.3 (kg/mm? °C) , T, = 27¢°c)., At = 0.05 (hrs.)

o
1]

Figure 10: Discretized Geometry of Three-Dimensional Solid and
' ~ Input Data. .
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8. CONCLUDING REMARKS

A three-dimensional thermoelastoplastic analysis has been carried
ouﬁ using the incremental theory qonsiétent with the first and second
laws of thermodyngmiés. Complicated mathematical operations emanating
from the functional theory or state variables are replaced by proposing
an iﬁcremental free eneréy as a function of tofal.and ineiastic strain
and temperéture unique only within a small time increment. The siﬁilar
incfemental functional dependency is then valid for stresses, entroﬁy,
and heat flux. Sﬁch tréatmenf'lends itself to numerical techniques
taking advantage of the finite element method and time integration by
difference operators.

For tﬁe example problems and material properties consideréd-in this
study it appears that elastoplastic coupling is significant for dis-
placements and stresses, but that neither elastic nor elastoplastic
coupling has any effect on temperature distribution. It may be argued,
howeyer, that for certain types of material and geometry these conclusions
would not necessarily be true. LExhaustive study on such effécts is

beyond the scope of the present report.
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APPENDIX A

CAPABILITIES AND LIMITATION OF THE .PROGRAM

This program analyzes a thrce-dimensional solid subjected to

both thermal and mechanical loadings. The program takes into account

the elastoplastic behavior coupled with transient heat conduction. The

formulation is based on the first and second laws of thermodynamics, von

Mises yield criteria, associated Prandtle-Reuss flow rule, and the linear

Fourier law. The finite element discretization by means of a linear iso-

parametric interpolation for both temperature and displacement fields is

utilized. TIntegration is performed by Gaussian quadrature. A step~by=-step

time integration assuming a linear variation of temperature within a time

increment is used to. solve heat conduction equations. Capabilities and

limitations of this program are listed as follows:

(H
(2)
(3)

(4)
(5)

(6)

A7)

Capéble of handling up to 60 nodes and 36 elements.
Températures‘may be specified at‘nodes (50).

Heat flux and heat supply may be specified on the element surface
(50) and.inside the entire element solid (30), respectively;
Surfacesbmay be insulated or cxposed to ambient temperatﬁres.
Capable'of incorporating 100 restrained generalized coordinates.
Géometric nonlinearitics are not considered in the program.
Capable of handling laminated structure with varying material

properties from element to clement.
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APPENDIX B

VARIOUS INTEGRALS IN TSOPARAMETRIC ELEMENT

In the present study, linecar hexahedral isoparametric elements are

used to model the three dimensional solids and consequently cénstituté

the basis for displacement and temperature fields.‘ Although details of
isoparametric elements may be.found in Zienkieﬁicz (1972), sbme of the

integrals essential in the program by Capssian‘qUadrature areishown in

explicit form:

1 1 1 1
Iﬂ!nd" =3 [1 [1 [1 (1 + eg) (1 + m]N?(l + ggN)lJ\dgdndg

1 1 b 1 » .
!vmmdv = 3 L f1 f; S+ R+ MY (L4 gey) (U4 g (1 + M)
(b + ggw) |3 |dedndg
| L
fvmwadv = glﬂ L fl fl (1 + gg) (1 + M)A+ gr)( + Egy)

(1+ M) (L + ca) (1 + €8 (1 + M) (L + L)

x |J| dedndc

1 1 1 1
'[v\l’NAMinv. iy [1 .[1 _[1 (1 + eEy) (1 +. My (1 + QCN)AMuM_d%dT]dC
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: 1 1 S 1 :
[roamsar=ge [P ] I (L4 280+ MO + cC)

(1 + g8) (1 + Mg (L + ¢Co) x Ay, |J] dedndg
' o 1 1 1 o |
I\r‘l’N,in’Jdv'.__.‘ _fl fl j; wain,J \J' dgdndc
. . h r A ' 1 3
fv_AanANudf_f j:i [1 [1 _AmnnANu |J| dedndg

' : [ 1 : N
IA yydA =.-;' [1 j; (1 + g8 ) (1 +My) (L + ¢gy) dA

and
Jo vawts = 3 [ PP asemoa e moas o
NEWTO 8 -1 - o o

(1 + gg,) (1 + M) (L + ¢Cy) dA

where the differential area dA is expressed as

- , -
e (gzga_gz'pz)“+(zgz_mcgz)°+ xby oy o\t
o DE 2T BE B be ¥ - dE DM DE ¥ O bﬂ) &t

— | .‘ il

for ¢ = = 1 plane
— . . "1
v 2 2 | 9 %

- (gzg___o_g:é) +(g__61=91<9_) +(_bzgx_9zg- dndr
3 dc ~ B D M d¢ N ¢ M dc B BC ndg

for € = + 1 plane
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.l 2 | 2
- nzgz_gz_qz) +n_?pzs_933:z) +(:z_ nxgz) acde
dC dE  dC dE dC dE D dE bc dE  dL dE) | _
for N = £ 1 plane
Here, diSplaéement‘and témperature fields aré related by
8 - ..8
u _i§1 yyu,, etc., and T =151‘¢1T,
Wﬁeré
. 1 .
4, =5 (L+gg) (L +mMy) (A +¢Cy)
The determinant of_Jacobian is given by
1 8 8 |
bl =% 5 I F [§1<1 £ MDA+ ceox, (0, QL+ ag,)(l DR

Vi (1 + 88 (1 + M) Z
- ML+ 8D (L + (02,0 (L e (1 + MOy}

- (L MO+ gy I+ e (L4 CC)x, Gl + 88 (1 + T Z

- My (1 + g (1 + g0y)Z (1 + g ) (1 + ﬂﬂk)xk}

+ g, L+ M)+ ¢z N+ egdA + C0% 0 (1 + EE) (1 + MMy
AR PR AN RS RIES)




APPENDIX C: FLOW CHART

INTHTALTZATION
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APPENDIX D

SUBROUTINE ORGANIZATION CHART

H

—{ FLASTC |—{  7ERo |

PRNTDT

- [STREL |———
[ Saen || 7o |
[smware]—{ o}

—{DATA _}— BHL
' v £ [P0 |
1 STIFE - R0 | PLAMDA
s T
— rcowE]  LGAUSS [ F |- (o
7R
—{ MCODE |
| RETACK |
| PRINTK ]
)
- MATTNV |
| wEDiCE] — [ PLAvDA |
TLPIERR —{ cavss [ | B
—[MATMPY | - PJcos_]
T —[_MATMPY | -
L—| DTHETAI -———I—REDUCE |
' —[7ERO
— | RSTORL | -'”‘
| [RESTOR 1| L
I [ |
| HSTRES |—— 7ERO
5| 7] f—

PHI

- "pJcos_|
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APPENDIX K

DESCRIPTIONS OF SUBROUTINES

Subroutine .
Descriptions
Name )
ASSIGN Rearranges the nodal displacement vector
ROUND Applies the boundary conditions and reorders
the matrices accordingly
CONTH Defines various quantities for Guassian
Quadrature integrations
DATA . Reads all irnput data
DFVCTR Calculates all psuedo coupling vectors and
heat input vectors
DTHETA Solves heat conduction equations
FLASTC Calculates the elasticity matrix
F Function subroutine for 'Gaussian integration
GAUSS | Integration by Gaussian quadrature
HSTRESS Calculates the thermal load vector in’
equilibrium equations
MATINV Matrix inversion
MATMPY Matrix multiplications
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Name Descriptions
MCODE Reassigns the global node number to the local
element node number
'KSTACK Assembles the local element matrices into a
global form
PHI Function subroutine involved in Gaussian
integrations
PJCOB Calculates Jacobian in Gaussian integration
PLAMDA Function subroutine involved in Gaussian integration
PMU Function subroutine involved in Gaussian integration
© PQR Defines constants necessary for Gaussian integration
PRINTK Print stiffness matrix, heat capacity matrix, and
conductivity matrix
PRINTT Print nodal températures
PRNTDT Print nodal displacement and equivalent nodal
forces
PSTIFF Calculates the plastic tangent stiffness matrix
REDUCE Modifies the equivalent nodal vectors in
correspondence to BOUND
RESTOR 1 Restores the equivalent nodal vectors to the

form prior to REDUCE
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Name Descriptions
hwéKAPPA Calculates the plasticity matrix
STIFF, Calculates the elastic s;iffness matrix
STRSﬁL Calculates stresses prior to yielding
STRSPL Calculates incremental stresses after yielding

ZERO

7eroes out

all matrices



Card 1: FORMAT (7 I5)

(L

(@)
3)

(@)

Card

3

Card

(5)
(6)
N

(1)
(2)

(1)
(2)

(3)
(4)

- (5

(6)
(7

®)

NELEMT
INODE
NB

IPT

NBHC
ITER

NKI

FORMAT (3 F 10.0)
RT

EPSS
DELT

>FORMAT (8 ¥ 10.0)

i (1)

EP (1)

SYIELD(T)

XNU(T)

TRX (D)

SH(I)v

ALPHA(I)

DENSTY (1)
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APPENDIX F

DATA INPUT FORMAT

- 'Number of elements

- Number of nodes

- Number of constrained displacements

- Number of integration points in the
Gaussian quadrature

-  Number of.prescribed nodal temperatures

-  Number bf time increﬁents

-  Number of type. of elements

- Reference temperature
- Percent error limit, ¢ in the elastoplastic
analysis

- Incremental time interval, At

- Young's modulus.

- Plastic modulus

- Yield stress

- Poisson's ratio

- Thermal conductivity
~ Specific heat

- Coefficient of thermal expansion

- Density
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Cards 4: FORMAT (1615)

(1) NY(I) - Type of elements I

Repeat cards 4 as required to complete all elements.

Cards 5: TFORMAT (815)
(1) to (8)
MA(I), MB(I),MS(1)- Node numbers of element I

Repeat cards 5 NELEMI times.

Cards 6: TORMAT (6F10.0)

(1) to (3)
X(1), Y(I), Z(I) - x, y and z coordinates of node number I.

Repeat cards 6 as required to complete all nodes.

Card 7: .FORMAT (215)

i
o

(1) LSTRES if stress anslysis is not desired (no elastic
or elastoplastic coupling)
= 1 if stress analysisiis to be included (elastic

or elastoplastic  coupling present)

if heat conduction analysis 1is not desired

i
o

(2) LHEAT

= 1 otherwise

Card 8: FORMAT (215)

(1) KLOAD = 0 if mechanical loads are not applied
= 1 if mechanical loads are applied
(2) MLOAD = 0 1if temperatures are not prescribed

= 1 4if temperatures are prescribed
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(An assumption is made LSTRES = LHEAT = MLOAD = 1 and KLOAD = O

after card 9) .

Cards 9: FORMAT (I5, F10.0)
(1) TIUBND(I) - Node number at which temperature is prescribed
(2) TFR(L). - Prescribed temperature

Repeat cards 9 NBUHC times.

Cards 10: FORMAT (415, 3r10.0)
(1)* NS(L,I) - Node numbers -of the uninsulated surface (I
changes from 1 to 4)

(2)% SC(L,I) . SC(L,1)

= w(film coefficient)
SC(L,2) = q (heat flux)
SC(L,3) = T' (ambient  temperature)

*], indicates the number of uninsulated surfaces subjected to convection.

‘Provide a blank card to signify end ofldata.

Cards 11: FORMAT (415)

(1) NODE - Node number at which displacements are constréined.
(2) 1TU =0 if U is not constraiﬁed
=1 if U is constrained
(3) 1V = 0 if v is not constrained
= i if V is constrained
(4) 1IW =0 bif W is nqt constrained

=1 4if W is constrained

Provide a blank card to signify end of data.



Cards 12: FORMAYT (8F10.0)

(1) DHV(T) -  Heat supply of element I.

Repeat cards 12 as required Lo complete all elements.
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APPENDIX G

COMPUTER PROGRAM LISTING

COMMON }sLx./nzLEnt.|Nooz.ua.Nanc.LutAr.Lsrnzs.gN.Nn.nnn.unn
COMMON }aanlnoPanv.NPAGE.an:s.nn.xoos.xvotAL.nYOTAL.nLOAo,xLoao
COMMON ZaL;cizsx«zﬂ.znt.ucta.9|.usx(a.a).vvr:ncs'a).vvrzlta.a)
‘vvreata,a».1vr:nt9aa).tvr:n«a.u».vvvts«s.at .

connoN/pLo}sxtzOOOO).thzoooi.cx(zoOO).ncxczoony.laND(tOO).
. IHBND (501} '

e
[ 1]
9

10

[ N84

12

13

18e

15

(T34

179

18

19

20°¢

21

220

23

28

2se

28

27

200

9

30

3)e

C 320

33e
3Aqe
3se
e

37e’

38e
39e
10°
e
aze
9.
T
45
age
870

sae
49
‘$0e

S)e
52
93¢
Sy
g5e
sbe
57
58e
59

400"

LI04

‘62¢

630

12
Cesos
1000
2000

13

20

30

.
S v 3

connon;éLx}nA(:o’.Nac:o).nc«ao).no(ao:.nrlsop;nSv:b)suataoo;hSIadai
COMMON JBLKI/AC10)+8¢100,CC100,P(330,Q(¢331,R33):W(6),HIOIVIPY |
COMMON /BLK2/H1(8),H2(8),HI(B) \HA(B) HS (8] HE(B) \H7 (B ,HE(8),
onv(a).3;0(3).cl(a).eztai.c:«a);sn«e).ssta).sbte;.c?(e);st(e)
COMMON/gLK4/TO(60)4T1160),T20401+DT01601:0T1(60),0T72¢40) i
COMMON/GLK3/NS(50,9),SC150,3) ,AREAG (80} B
COMMON/aLKS/1GAUS  ITER,EPSS,1GE, . e . .
‘COMMONZALKS/0(6,6),E110) 4EPL10),SYIELD(10F,XNU()0),TKX(10),
. . SHUIO1JALPHAC10) sDENSTY(10) NV (30),DELT,RY
COMMON/ALK7/X160),Y(40) 260} 4NNODE(8) MKODE(2A) .
COMMON/gLKS/UQ(180),Ul(180),U2(180),0U00180)¢DU)1180),0U2(180)
COMMON /BLK9/DSIGMALS) ¢SIGHALA(3D):SIGHALLS:30) D
COMMON/RLK10/S1GMAB(30)sSTEM18(307,0815181301,051G28(30%°
. .. _. S16MAX(30) R o
COMMON/RLKIT/STRN(&,30) 4DSTRN(6:30)STRNP(6430),ABC )
DIMENSIAN C1(180) BSK{180),DF (401 ,0FBT140},0HV(30},E0F(8)
DIMENS[QN OP(24) ¢FRUJBO) (PK(29,26) ¢AJC68),FP(180),TPC4O) "
1Y1€LDag : :
TIMEwQ,p

111=0.

NNN=Q. .

CALL. DATAIFPB5KoC1)

0o 15 l:I'NtLEHY

NYISNY(])

SIGMAX())aSYLIELDINY])
‘CONTINUE

NESNELEnT

DO 12 JulNNM

TPil)sTg(l)
T2t1)=19t1)
IR IRE -
oTINE INCREMENT’

Ttisttyel

NNNuNNNa )

TINESTIMESDELY .

IFCITT.TeITER) SYOP
WRITESS,6) T11,TINE !
READ(S,2) (ONV(1),1et,NELENT)
CONT INuE: ) )

WRITE(S,10) (DHVIT) , 181 4NELENT)
DUN=Q. _ . .

CALL ZEROCDFINODE,1)

L=1

NX®0

CONTINUE

CALL MCQDE (MKODE ¢ MNODE L4 3)
DHEDHV{ )

KAP®mle . _
CALL DFYCTRIEDF KAP DM NXINNNy T, L)
00 30 1slsB

MNO=MNODE(T)

DF {MNO)EDF (1} +0F (MNO)

IFCLsGE NELEMT) GO TO 40

Lelel}

‘Nx=q’ . .

IFINY (L) eNEGNY(L"1)) NX®D

GO Y0 20



'L

o5
b6
b7
[1:34
89
70°
Tie
720
730
740
750
760
170
780
79¢
80°
83
82¢
83e
aye
85+
B8ée
870
see
89e
90
91
92
93e
[ ZT)
e
980
97
98
-”.
100¢
joie
j02¢
103+
102°
105°*
106
1o7e
108¢
109
110°

‘111

‘120

113e
118e

1150
1160

l”l

1180
11
1200

b

40

CONTINUE

CrseoeSURFACE HEAT BOUNDARY

41

43

42

Ls)

IFINSIL,1),EQeD) GO TO 42
l-AREAq(L)-(SC(L 2)1=SCiL,1)05CtL,3))

DO %43 =y X

NISNS(L 1)

DFINI)=pF(NT)=AL

Lesbel

GO TO 4,

CONTINUE

WRITE(4,5) (1,DF(1),1%1,INODE)

CossseDTHETA y:CTOR

CALL DTWETA(DFBDFyMLOAD,T0,T1,TP)
CALL PRINTT(DF,DFB)XsY,241,INODE,NPAGE,60)

CeseseDT VECTQR

280

265

NX=D

CALL ZERO(FR,180+1)

IF‘NV(I).N[.NY(I'I)' NXs0

NVI'NV()
ALPN‘IIALPH‘(N'])OE(NVI’/(l.-Z.CXNU(NYI))
CAaLL NCODE(HKODEDHNODE 1:+3)

CALL NST“ES ( YO.FR, HNODE.HKODE.NX.ALPNAI,60.[90)
NXs] .

CONT INUE

DO 265 gm|,NN
FR(I,-'W(I)OrP(I’OFLOAT(llli

IF(1GE.gQe0) GO TO 269

CooeeeGEOMETRICALLY NONLINEAR VECTOR

267

CALL ZERO(AJ,6,6)

DO 266 [®),NELEMT

CALL MCODE (MXODE+MNODE,1,3)
CALL ZERO(DP24,1)

CALL PSTIFFIPK,AJ,1,16E)
CALL ASSTIGNIPK,MNODE,0,8,1,29)
Do 267 y=t,29

DO 267 g=i,24

NK®aMKODE(K)

DUGI=U] (NK) .
DP{J)I=DP L) +PK(JsK)0DUDE

DO 268 ym),24

NK=NMKODE (J)

288 FRINK)mpP{J)*FRINK)
286 CONTINYg

269

CONTINUE

CeeseeDU VECTOR

CALL REDUCE(FR,1BND,NN,NB,{80)
CALL MATMPY(SK,NM,FR, UO,180)
CALL RSVORI(FR.IBND NN,NB,180)
CALL RSYORI{ UD,18ND,NN,)NB,180)
CALL PRNTOT(FR, UQ,X,Y,2Z,MM,INODE,NPAGE,180)

CeseoeSTRAIN & STRESS

WRITE(4,88)

DO SO. 1atsNELENT

CALL MCODE(MKODEsMNODE,1:3)

CALL STRSEL!t UO» TO,1YIELD,IT)

WRITE(6,87) 1,1Y1ELD,SIGMABCLY ,(SIGMALY T ) sdnlyp)

«SIGMAX (1)

121
1220

‘123

124
125
126°
127
128¢
129¢
130°
131
132
[33e
134
138e
L3be
137
138¢
139
140¢
pe1e
142
I*J'
194e
195
196
187+
198¢
149¢
150
151
152
153
154
155¢
156
157
158¢
159°¢
160°*
181°
162
163
1640
165¢
168
167
j68e
169¢
170
171
172°
173
178
175°¢
176
177

50 CONTINuf

IFCIYIELDeEQel) GO TO 3000
99 CONTINuf
CeoessPRINTY OQY
WRITE(4,7)
0O 120 1=],INODE
Jelie]e=2
Jim e}
J2zge2 | )
120 WRITE(4 ,66)1,U000 ) U0(U1)Y,,u0tI2),70( )
CoseseSHIFT
00 125 j=1,INODE
T2(myM1Y
Titl)=Yp(l)
DO 125 =1|,3
IJ-(I‘I"30J
UZ(IJ)IOI(IJ)
ISR AR TR NY)
125 CONTINug
DO 126 =1 ,NELEMT
SIGHIB(]"SIGHAB'!’
DO 126 ge1,s
SIGMAL L Js1)=SIGMA(J,1)
126 CONTINY
GO T0 1000

‘CoseeeFOR YIELDED

3000 CONTINUE
NNN=Q
DS1G2=p,
DO 130 y1=),NELEMTY
0S1G2B(jleat,.0
IF(SIGMAB(1)eGE+SIGMAX(1)) DSIG2B(])®],0
DSIGIB(!)-SIGNABll)-S!GHIB(ID
130 DS162=Dg1G2+DSIGIB(I)0e2
3500 CONTINug
NNN=NNNel _
IFENNN.GT,10) STOP
WRITE(6,9) 111 ,NNN
CALL SKAPPa
REWIND 2
KAP=l,.0
4000 CONTINUg
CALL zzno(or.bo.l)
REWIND2
L=}
. Nx=0 .
25 CONTINUE
CALL MCQDE(MKODE sMNODE,L43)
DH=DHV ()
CALL DFyCTR(EOF ,KAP,DH NX NNN,Q,L)
00 35 41,8
MNO=MNODE(])
35S OF(MNO)I=EDF (1) «DF (MNO)
" IF{LeGE,NELEMY) GO Y045
LeLet
IFENY(L)eNELNY(L=])) NX=D



176 GO T0 2¢ ' 1
5 2350 DO 140 y®1,NELEMT

179 45 CONTINUE 236 CALL M
180° WRITE(6,5) (1,DFt1),18141NODE) 237 READ (ORE (MKODELHNODE L Ta3)
181e CeoeseSURFACE HEAT BOUNDARY L arasr
el su z::: CALL STRSPL(DUG.DTO,AU, 1)
183 96 IFINS(L,1),EQeD) GO TO 47 §.o. tee Eg“lé"”‘
{:;: ;;'::EA Q(LD'(SC(L.Z‘-SC(L.I)‘SC(L-S)) 241 0o 173 3::';N°DE
ja¢0 Nl'NS(:::;“ 242e lJ'J'll-ll:J
1870 48 DF (NI =pF(NTI=AL 283° 176 UDITJ)=(1{14)+DUCLTI}
A oF (Nt . 244e CeesesPRINT oyt
ie9. e 245¢ WRITE(6,4) 1T ,NNN
1002 R 246¢ WRITELs,7)
171 CoeoeeDTHETA yECTOR 2::: 30,80 1=t 1nODE
192¢ CALL OTHETA(DFB,DF 4MLOAD,TD,T1,TP) guvo J-f.'-z
}::: ce g:LbE:Rlzrt(Dr 2DFB,XsYs2y14+INODENPAGE,40) 250¢ j;.j:;
1 sese To °
L. ot 350 Ty, inooe ;:;: 180 WRITE(S,66)1,U00J),u0(J1),UDIJ2),T001})
}::: 250 z;:;;;-yoixl-rl(l) 253 32:2;:35'62
ue :
1 254¢ WRITE(5,90)
1o Sé‘tbf"if{f:éiiﬂ%” 256+ DO 150 1=§ NELEMT
4N S e AP ;:;: :;?:28(]"516"18(ll‘DSIGZB(I)
2000 LMY 2 (6,89) 1,DSTG2BU1),(SIGMALI, 1), Ju],6 '
202¢ ALPHA|-£LPHA(N1|)oE(NVIl/(l.-:.cxnU(Nvl)) 2588 160 Dstaz-oslﬁzoDSI623(|)005 19%108) LSTEMAX(T) S TGNABITY
2oae B NehbE s AKODE  HNODE s 103) ;2;: Enaon-AES(soRY(osxsz»-sontcésxsl))/sonr(DSIGl)
:g;: 261 g:::,:svnzs (OTO+FR,MNODE ,MKODE \NX s ALPHAL 604 18A) 261 7::;:;:;?;‘l;;;:?Négﬁ:OR.DSIGZ.DS!G[
2082 co 27°u§_' - 262¢ G0 T0 5000 0 3800
07° 270 FRUL)sfp C11eFP(I) Sear eseeeConvEReE
z08¢ CosessDP vtcr:n Zese o ee e
L1 Y 265 DO 160 [=1,NELEMT
0 REwinD | i::: SIGMAB(11=SIGMIB(])+DSIG2B¢(T)
2100 REWING r 160 IF(SIGMAB(])eGTeSIGMAX
212 REAo(z,':s'NELE 268¢ CeeoeaNEXT TiNE :NENE;ELV RN steuaxEiIestcHARLD)
: , 2690 111
:::. CALL H(ODE(HIDDE.HNODEJ.J) 270 1;(:”1‘!’ TER) STO
"'s. (Atl. zepocor.zu.n é?l- NNNsQ it rosvor
} CALL PSYIFFIPK,AY, I.th) a
:::: g;Lt*;ssteuth.NNoDE.O. L1.24) ;;:: 'a :g;g;:GZl (OHV (1) 121 yNELENTY)
2 Jut,29 2 ¢
lee 20 145 etl2a 274 WRITE(6,10) (DHVI]), 1=y ,NELEMT)
219 NKSMKODE tK) 2ree e 90 |
20° DUO=UO(NK) =V (NK) 276: P A
221 . IFCNNNLEQe 1)  DUDI=ULENKI*y2INK) ;;:. b
:;;: 148 gP‘J);Dg(J)QPK(JQK)‘Duol 279¢ ;:;::;Tg::)xy
0 147 j=i1,24 o
e N NK'HKOD;(J; zao: DTIC(I)=nTO( 1)
;::; ::7 :R;:K;-D'(J)‘FR'NK’ g:;- ?3-!3°i“zi'3
2 6 CONTI ' Tepitl
1o cescoenu vECTGR S MY
2280 CALL REQUCE(FR,IBND,NN,NB,180) 285¢ g&é:::?"gél:,
2290 CALL MATMPY(SK,NM,FR,DUD,180) 286 oUI(TY .ou! 1
230¢ CALL RSTOR](FR,IBND, NN.Ns.len) 287 190 (ONTIN). ot
231 CALL RSTOR{(DUO,!BND,NN:NB,180) 288¢ 0o zoou!-
::g: c."..g::kl:guvonrn.ouo-lﬂ.l.nn » INODE yNPAGE, 18D) 209 s.thla(:)lg;‘g:E:I”
2337 P STRAIN g STRESS 290 0S1GIB(Y)=pSIG2B(1)
? - 291 00 200 4=1,4



292
293e
294
295°
296
297°
298¢
299
30o0°*
a01e
. 302
303
304e
305¢
306°
307
308e
309
310°
e
312
313e
8.
315
3le®
317e
38
319
320

END OF COMPILATIONS

/£

SIGHAL( )y 1)mSIGHALY, 1)
200 CONTINUF

TIMEsTIHESDELT
WRITE(s,6) [11,TIME
GO YO0 3500

1 FORMAT(alS5)

2 FORMAT(gF10,0)}

3 FoRnAY(QPln.D‘ <

4 FORMAY{,9X,% . MF STEP =*,]5,% [TERATION NOi*s158/)

5 FORMAT{]5,E13.5)

6 FORMAT(JH1,90eeTIME INCREMENT ¢ ,15,8X,°Y0TAL TIME ='21PE13.5/)

66 FORMAT(aX,15,4E13,5)

7 FORMAT(TX,*NODE NOo® SKo®U® 14X *V? 18X, W0 38X, s TEMPERATURE" /)

8 FORMAT(1615) -

9 FORMAT(IH ,10X,° 111 ® *415,10X,° NNN = *,15,10Ks" ERROR =7,E13.5,

®'DS1G2mr,E13¢5,'0S1G1=¢9E13.5)
10 FORMAT{]HO,vOHVE" ,BE13.:5)
11 FORMAT(]2€10+3)
87 FORMAT(IH ,216,8E13,5)
88 FORMAT({HO,*ELEMENT IYIELD SIGMABAR
eSIGMAZ SIGMAXY STGMAYZ
89 FORMAT(IH ,13,9€12.4)
90 FORMAT({HO,*ELEMENT DSIGMABAR
.. S1GMAXY SIGHAYZ
500 FORMAT(3{1PEL3.5))
803 FORMAT(3213)
118 CONTINug
119 CONTINUE
END

SIGMAX
SIGHAZX

S1GMAY
SIGMAMAX?®)

SIGMAZ
SIGNB=1")

SIGMAY
STGMA=MAX

SIGMAX
SIGMAZX

NO DIAGNOSTICS,

1e

20

3e

ge

(3]

&e

e

8e

Qe
10
ile
12
13
the
15
16
17¢
18¢
19
20¢
21
22
23
28
25¢
26¢
27
208
29¢
30°
3te
J2¢
33e

4.,

3se
36
37e
Jpe
39e
aoe
13X
420
43
qaKe
ase
LT
a7e
age
49
sge
sqe
52
53¢
Sue

g5

Sée
576

599
802
200

1000

SUBROUTINE DATACFR,BSK,C1)

COMMON /BLKA/NELEMT,INODE ,NB NBHC ,LHEAT ,LSTRES NN ,NM,NNH (NNH
COMMON }BanfnoPRNT.NPAG;.LtNEs,MM.xODE.KTOTAL.MTOTAL.HLOAD.KLOAD
COMMON ZBLKc/ESK(ZH 24) 4HC(B,8),HSK{B,8)yTYPEH(R+8) ,TYPEL(8,8),
sTYPEJ(B,8), TYPEMIB,8) s TYPENIB,8),TYPES(8,8)
connoN/nLo/sx(zoooo).ux(zooo).cx(zono).nquzooo».lano(100».

. IHBND (S

COMMON/RLK/MA(30) ,MBL30),MC(30),MOE30),MP(30)},MQ(30)MR(30) (MS{30)
COMMON /BLK1/AC10),B(10),C(10),P(33),Q0(33), R(JJ).I(&).H(&).!PY
COMMON lBszlNl(B).HZ(B'.HJ(B).H“(B).Hs(!).“b(a).H7(9).N3(B)o
OHIUB) 4H1008)4G1(R)462(8),63(8),G4(8),G65(8),66(8),67(8),68(8)
CoNNON/gLKH/YOIGO).11(601.72(60).070(60).DTI(69).012(60)
coHHON/aLKJ/NS(SO.Q)pSC(SO 3)JAREA4(SOD)

(DHHON/uLksllﬁAUS 1TER,EPSS,1GE
CO"HON/RLKb/D(bvé)|E'lD,|EP(|0)|SV|ELD(lo’.lNU(lﬂ).Ylelﬂ)'

. SH{10) ) ALPHALL10) yDENSTY(10) (NY(30),nELT,RY
coHHON/nLK7/X(6D).Y(éO).l(bo). NODE(B) 4MXODE(24)

DIMENS AN FR(I).Cl(l)nBSK(l).YFR(SO)-JN(SO)-!H(sOl

READ(S,7) jGAUS

IF(1GAUS+EQs1) GO To 1000
READ(S5,8021(P(1),QI1)sRII),1m1,33)
READ(5,802) (ALT)4B(T1),4Cl1),121,10)
WRITE(4,900)(P(1),101,33)
WRITE(4,9000(Q(1),181,33)
WRITE(6,900)(R(1),121,3))
WRITE(4,900) (ACT) 11,100
WRITE(6,9001(8(1),1s1,10)
WRITE14,900)(C(1),1a1410)

READ (5,599) ((TYPEHIT,J) sTwl 8),J=1,8)

READ (5,599)((TYPEI(1,4J)slmt 8),4m1,8)

READ (5,599)((TYPEJ(TsJ)slal,y8),Jul,8)

READ (5,599)({TYPEMIT 1Y) slml,s8),0m1,8)

READ (5,599)((TYPEN(1+J)s1m1,4B8),Jn1,8)

READ (5,599)((TYPESITsJ)slu1,8),J%1,8)
READ(5;aD2) { (ESKIT13J) s 1™14249),J421,29)
WRITE(6,900) ( (ESK{I,J),101,29),988,24)

READ (5,802) ((HSK(1,J),1%1,8),Jm1,8)
WRITE(6,900) ({NSK(L1,u),1=1,8),4%1,8)

READ (5,802)1((HCI14J)s1%14B)4J=1,8)
WRITE(s, »700) C(HCHT o UY 41214801 J%1,8)
FORMAYtg(lPEIB.S)I

FORMAT(4(IPEI3S))

FORMAT(Aa(1PE13.5))

CONTINYE

FORMAT()615)

READ(S,1) NELEMT)INODE ,NByNBHC,IPT, ITERNKE
READ(S,9) RT,EPSS,DELT i
READ(S,0} (EC(1),EPIT)4SYTELDCTI JXNULT)  TRX(T)oSHlTYJALPHALTY,
. DENSTYU]),1m]4NKE?
R:Ants.l»(nvti).l-l NELEWT)

WRITE(6 , 1 INELEMT s INODE JNByNBHC , IPT I TER 4 NKE
WRITE(s) ,500) RT,EPSS,0ELY

WRITE(s,500) lE(l)cEP(I).SV[ELD(I).XNU(Il.TKX(l).SHlI).ALPNA(I)-
. _ DENSTY(1),1e) NKE)

WRITE(s 1) INYUD)  Twl JNELENT)



59
S59e
60°
b1
LY A4
63
640
13
Yy
67
68
690
70°
71
72¢
73
T8¢
78
74
77
78¢
79
8Qe
e
82
83
aye
85
ase
are
(11
[ LA
20
93
92
93¢
94
98
98
7
98
99
100°
101°*
102¢
103e
108¢
|osb
‘108
107
108¢
109°
11Qe
ne
112
113¢
118

500

16
502

901
401
400
550

%0

A

FORMAT(RUIPELI3¢5))

FORMAT(aF10.0)
NESNELEMT
READ (5, 2)(HA(|).MBC!).HC(I).HD(I).NP(l)nND(l).nR(lloHS(l).l'l.NE)
WRITE(S, zi(HA(ll-MB(l)."((l).HD(l).HP(l)-HQ(I).uR(I).HS(l).l'IoNE)
roRMAT(ng)
READ (5, 3)(XU11,Y{1),2010,1=1,INODE)
FORMAT (4F10.0) )
WRITE(6,500) (X(1),Y(1),20(1),1={,1NODE)
CALL COnTH
NOPRNTs
NOPRNTap
NPAGESD
KODE=8

MMs3

NPAGE®]

LINESm)
NNH=INODE
NMHesNNHLNBHC

NNeMMe I NODE

NMBNN=Np

READ (S, | )LSTRES JLHEAT
WRITE(6,1)LSTRESyLHEAT
READ(S, ) }KLOADMLOAD
WRITE(&,1)KLOAD,MLOAD

IF(LHEAYsNES1) GO TO 250

MTOTAL=(NNHe {NNHe|))/2

CALL ZERO(WMKX MTOTAL, L)

CALL ZEBO(CK.HTOTAL.I)

IFIMLOAQ.EQ.0) GO YO 550
FORMAT(3(F104¢0,110))
FORMAY(3(IPEL13a5,110))

RtADIS.?ZOl (IHBND (1) yTFRIT), 121 ,NBHC)
FORHAT(]S»FIO#O)

WRITE(6,5021(TFRUT) ,IHBND(]1) 4 1s},NBHC)
00 901 1-1 NBHC
KXsIHBNDH (1)

YO(KX)-TFR(!)
WRITE(S, 401) .
FoRHAY(zl.o NODAL INPUT TEMPERATURE VE:TOR (¥}
WRITE( S 600)(70(1).[‘!.""“)
FoRnAT(,PE|:.5l

CONTINUE

REWIND 3
REWIND g
L=}

Nx=Q )

CONT INUE
HaNY (L)

CALL MCOPE(MXODE s MNODE,L MM}
IF(1GAUSeEQ.0) GO TO 1010
CALL Poalx.v.z.nuooz.nx)

CALL ELRSTC (DEIM] XNUIMY)
CALL SY]"(D.NX.”OPRNT)
00 345 (+=1,8
DO 345 y=i,8
NC(IoJ)-HC(l.Jl'SH(H)'Z-/DELT

115¢
116
117
118°¢
119°
120
12)°
122¢
123
1240
125¢
126
127
12890
129
130
131
132¢
133
13ae
135¢
136
137¢
138
139°
1%0°
144
1842
193¢
1940
145¢
1960
197
1498¢
149¢
150°
151°
152
1523
154¢
155¢
156°
157
158¢
159
160
181°
162¢
163
164e
165¢
166
167
168¢
169
170
171

345
1010

q2

43

HSK{Ty )mHGK(T,,JleTKX (M)

CONTINUE

WRITE(3)ESK,MKODE ,MNODE
WRITECY)TYPEH , TYPEI (TYPEJ,TYPEN,TYPEN,TYPES
CALL KSTACK(CK,HC 48,1 MNODE 8 ,NNH)
CALL KSTACK(HK HSK¢8y1,MNODE 8 NNH)
IF(LsGE,NELEMT) GO TO 42

Late}

NK=}

IFANYLL) oNEWNY(L=1)) NX=O

GO TO 4):

1F (NOPRYT JEQs O) GO TO 43

CALL PRINTK(CK BSK,NNH)

CALL PRINTK(HK,BSKyNNH)

CONTINUE

CesosesSURFACE HEAY BOUNDARY

Le=i

Co000aNS COUNTeCLOCK,SCILITMALPHAB,SCIL2)%Q,SCILEINuT?

so

51
52

117

40

346

s44

54%

READIS,51) (NS(LyI)gT®}s4),(SCILyT1)yTm],3)
WRITE(S,52) (NS(Lp1) I3134),0(5CILs10,T1m1,3)
FORMAT(415,6F10+0)
FORMAT(IN ,415,3E15,:7)
IFINSCL,1),EQ.0) GO TO 60
11=NStL, 1)
129NS (L, 2}
13=NS(L,3)
T4aNS (L, 9)
AREAG(L)20,250ABS({Y(I1)aY(12))0(Z(11)=2(14))
SIYCIL)mYU19))e(ZI11)m20T12))
S =Z0I21) 80X (1) =XIT4)ISTZLILINLIN))otX(TMIeX(12))
S (gtIIIeX (120 (Y (T1)=Y(T4a) e (X(IIeX(IN))atY(1L)e¥t32)) )
A1=AREAGILIOSCIL1)e40/9,
A2=AREAG(L)eSCILa1)o 10/,
AJSAREAGIL)OSCILI1)®24/9,
DO 55 Jglsn
DO S5 Jail
NIENS(L 1)
J'NS(L N}
LIENNHe =N 9 (NJ=1)/2=NNH+N1
IFINTsLYoNy) GO YO S5
IF (1eE0sJd) HK(TJ)RHK(TJ)eA)
IFIIABSI1=J)¢EQe2) HKETJI=NK T Y)oA2 |
IFCToNE ,JoaANDs IABSI1ad) oNEo2) HK(TJ)BHKITJIOAS.
CONTINUF
LaLe}
G0 10 sg
CONTINUE
DO 346 y=),MTOTAL
HCK{IdeeK(g)erKtl)
DO 544 e} ,MTOTAL
HK(1)®HEK ()
IF(MLOADSEQ DI NMHNNK
IF(MLOADSEQ.0) GQ YO 54§
CALL BOUND(MCK ,THBND JNNM,NBHC)
CONTINyUE
CALL PRINTK(HCK BSK ,NMH)
CALL MATINV(HCK,C o NMH)



172
1730
174¢
175¢*
176°
177
178¢
17%¢
180°
181
182¢
183
joue
103*
184°
187
186+
189¢
190°
1v1e
1920
1930
199e
1980
196°
1970
1908¢
1900
200°
203°
202¢
2030
204
205¢
206¢
207>
208e
209
2100
211
2lae
130
2190
218¢
216
2170
18°
219¢
220°
22)°
222
223
224
218
226
227e
228¢

308
250

710

700
70%

L

503
17

9C2
560

20

‘261

282
10

39

CALL PRINTK(HCK,BSK ,NMH}

DO 305 %) ,MTOTAL
HCKUIVmae®uCKLT)
CONTINyf
IFILSTRES+EQ¢0) RETURN
KYOTALm (NNe (NNe1))/2
1}
READ(S,705)
IF{NODE,EQ.Q"
IFCIVsEQe )
IFLIVeERel)
IFLIVeEDe )
IFL{IVeEQe )
IF(INGEQel)
lF(lﬂvEQol)
GG TO0 70
CONTINUE
FORMAT (415}
WRITE(6,7)(I1BNDUI) 1] ,NB)

FORMAT(1415)

CALL ZERO(SK KTOTAL, )

IF(KLOAQsEQ.D} GO TO 540

READ(5,;1)NH

WRITE{6,11)INH

FoRHAT(;DIS)

IS YHE DIRECTION OF THE LOAD AT THAT JOINT, gn(l)
FORMATI3(1PEI3.54215))
FORMAT(3(F10¢0+215))}

READIS, 7 (TFRIT) ,IMITY o UBETY 1
WRITECH,503) LTFROT)(IMLE) suMiT),
DO 902 s ,NH

KYsMMe gu{1)=MMeIMN(T)
FRIKY)mpR(KY)¢TFR(1)

CONTINUE

REWIND 3

tLel

NXSQ

CONTINUE

HlNV(L)_

IF (LHEATeNEs1) GO TC 261
READ(3) ESK,MKODE  MNCDE

60 TO 242

CALL MCQDE(MXODE s MNODE L HM)
IFL1GAUG+EQ.O) GO YO 282

CALL PQR{X,Y,Z,MNODE NX}

NODE» U, 1V, IV
GO0 Y0 700

IBND(])=3eNGDE=-2
Is]el

1BND () =3eNODE=1
Imlet
1BND(1)a3eNODE
JERRS)

1S JOINT NUMBER

S8 NNY

1e1NH)

JCALL ELASTC (D, E(M),XNUINI)

CALL ST{FF(DyNXyNOPRNT)

CALL ASSIGN{ESK,MNODE NK,KODE L ,24)
CALL KSTACK(SK,ESK,8,3,MKODE,24 NN}
IF(LoGELNELENT) GO TO 30

Lele]

NX=| .
IFANY(L)eNESNYIL=11) NX=D

60 Y0 20

lF(NOPRNYoCQoO) 6o 10 39
CALL PRINY&(SK.BSK.NN)
CONTINUE

229+
2300
231
232
2330

ENp OF

2.

e

4o

e

&

Te

Be

9
100
i1
12
13e¢
14
15
16¢
17¢
ige
92
206+
21
22¢
23
240
25+
260
27
28+
290
10
3.
32e
33e
3gqe
ase
36e
37e
Jae
39e
%0e
age
420
a3
qaqe

COMPILATY

20

o

40

iooo

CALL BOUND(SK,1BNDyNN,NB)
CALL MATINVISK,CI, NN}
CONTINUE

RETURN

END

ON3 XSG DIAGNOSTICS,

SUBROUTINE DFVCTR(EDF KAPPA,DH,NxX /NNN,TENL)

COMMON/RLK4/T0(60)TL(60),T2(40),DT0(60)4+0T1060)+DT2(60)
COMMON/ALKS/1GAUS,ITER,EPSS, 1GE
(OHNON/anblotéobt.E(lo’.EP(ID).SVlELD(lD!.XNU(?O) TKXx{ioy,

. SH{10) sALPHAL10) ,DENSTYL10),NY (30} nELT.RT
COMMON/RLK7/X160),Y(60)42(40) HNODE(B), HKDDE‘ZW;
COHNON/uLKB/Uo(lﬂo’ ultlsoy.u:(|ao).ouo(loo).ou;(leol.002(180)
CONHON/!LKII/STRNlé 30)sDSTRN(6,30),STRNP(4,30) 2ABC
DlHENSlnN 51(8).52(8 8 8).53(8.8.6.3).54(8.8.31.EDr(B)
NNSNY (N )

BIJo=E(NN)¢ALPHAINN)/(1e=2,¢XNUINN})
lF(NX-N[oO) GO YO SO0

1F(1GAUS+EQ.0) GO TO 1000

DO 10 I=l,8

CALL GAUSS(10.sAAsTIs1,18)

SE(l)=ay

PO 20 Ig!.s8

DO 20 Jel,8

DO 20 Kul48_

CALL GAUSS(I12,AA41,4J,K)

S2(1,dyx)man i
DO 30 1=1,8

00 30 1x=*1,3
00 30 J=i,8
00 30 Ksls8
IFIIKeEQsl) 1Tmib
IF{IKeEQe2)1Tm}7
IF(IKeEQe3) ITm1B
caLt GAQSSl!YnAloIthK’

S3{ledyxalK)iman
D0 S0 isl,8
00 40 Ix=1,3
DO %0 Jel,8
IFiIKeEQe L)
IF(1KeEQe2) 1718
IF(IKeEQe3) ITuIS
CALL GAUSSIIToAAITsda1)
SUilsd, K)AN
GO YO0 590
CONTINUE
READ(S,406)51
READ(S5,406)52
READ(5,406)153
READ(S,406)154

17=13



4se
450
4ye

4ge '

49e
50°
Sl
$2¢
63
S4e
55
LTS
L YA
s8¢
59
600
b1
s2¢
630
b4
65¢
(Y1
67¢
[Y: 1
69
70°
71¢
T2
73e
740
75¢
76
77
76
79
aps
8ye
82e
83
84
85e
N T3
87e
88
89
90°
9]0
92
930
sqv
980
980
970
98
_99¢
100°
10}*

y>a

500

850

60

140
130
120

90

CONTINyy

00 90 I=l,8

SUM=0.0

SUM=SUMsST (T eDK

SUM=SUMS1{1)eABC

DO 100 1R=3,8

IRA=MNOBE( IR

DO 160 (M=} ,8

IMAZMNORE (M) )

CoSHINNY®S2(T, IR, M) JRT/DELY

IF(NNN,nEeg? 50 TO 50

TOIuT1{TRA)

DTOLeT (IKA)

DY12aT2¢1MA)

T128T2(RA)

GO YO 6p

TO1=TQ(1RA)

DYOI®TQ(1HA)

DTi2eYy¢1MA)

Ti2=T1(1RA)

CONTINUE

S®C9(2,0T01eDTOL=TOIeDT1Z=T120DT0I}
SECeTL{IRAIEITIC(INAIRTZ(IMA))

1FUTECEQeD.ANDNNKoGY ok} SeCOTOIRAISITGIINAI-TT(iMAY)

SUMSSUH .S

Stdm0e | _,

00 120 1X=1,3

SQ=G.

00 130 fM=},8

lxﬂllxo(ln.|)03

MKSMKODE ¢ IKM)

TEMPSRY

DO 150 {Q%i,8

1QA=MNORE( Q)

IF INNN,yEo 1) GO TO 150

TOM=TI{10A)

DUOIIDU|(Nx)

DU1230U7 (MK)

GO TO 140

TOl=TO([QA)

DUOI=DUg Mk )

DUI2=DY ) (NK)

CONTINUE
UGSV (KK)
DUT2wU2(MK)

. TO1=T1(1QA)
IFCIESEQsD.ANDoNNNGGTol) DUDIEUDINK)
IF(IEeEQ=0sANDONNN4GTol) DUI2wU] (HK)
IF(IEsEQoQ.ANDoNNNoGTo1} TOI=TQ{12A}
TEMPSYEMP+TQ1/840
SQESQeTEMPeSU( T, IMyIK)2IDUGI=DULI2}
S1JeS51ye81,405Q
SUMBSUM4 ST s (KAPPA) /OELT
EDF(1)egUN

NOPRHTaY
NOPRNYugqp

102¢
103¢
104¢
1050
108
107
108e
109°
1t0*
Lite
112e
113
1149
115e
116
1ive
j18°
119°
120°
121
122¢
1230
12890
125¢
126
127

END OF

1e
2¢
3e
4o
se

Te
ae
Qe
10
110
12¢
130
19
159

IF (NOPRNT+EG.O} GO YO 501
IFINXeNEeO) RETURN
WRITE(6,70]}

WRITE(4,700) (MNODE(T) 125 ,8?
WRITE (4;605)
walv:(e,sOn)«sorlli 1ai,8}

701 FORMAT(/10X,* ELEMENTY NODES */)
700 FORMAT(al5)
400 FORMAT(a(1pPEN3.5))
WRITE(4,601)
681 FORMAT(,20x,* MATRIX S) */)
" WRITE(6,600)(S1tT1s1=1,6)
wnlrcta,euz)
602 FORMAY(£20X,* MATRIX S2 /)
WRITE(s Aoo)(((SZ(I.J.K).!-I.G).J-I '8 ,K21,8)
WRITE(s) 1603)
603 ronnnv«;zo;.° MATRIX S3 '/)
WRITE(6,600) 0 (C(S3013J4Ks 1K) 220138 0e],8)iKEEGaT4TR=1087"
WRITE(4,604)
604 FORMAT(,20X,* MATRIX S4 */)
WRITE(6,600) {(1 SHlL4J, 1Ky, 1m1,8) 0900, el.lxnl.ai
605 FORMAT(/,20x,* MATRIX EDF '/)
606 FORMAT(4E13,5) o
501 CONTINUE
RETURN
END
COMPILATIONS NO DIAGNOSTICS,
SUBROUTINE DTHETA(DFB,0OF ;NLOAD,0T0,DT{,TP)
COMMON /BLKA/NELENT , INODE yNB NBHC yLHEAT JLSTRES , NN o NM o NNH o NMH
conn0N/aLo/SK«zoooO).ux(zoooi.cxczooo».ch(zouo).lan0(100).
®  IHBNP(50) .
DIMENSTION DF(1),DFB(1).0TOCI},0T1(1),DX(60);0Y(40)
DIMENSIQN TP(60)
CALL MATMPY(CK NNHDT1,0FB,60)
WRITE(4,100) (DFBIL) 1m] NNH)
00 304 j=i,INODE
304 DFB(1)epFB(1)4DF(])

CALL REPUCE(DFB, THBND ¢ NNH ,NBHC 4601
IF(MLOAD+EG.0) GO TO 19

00 30 1sl4NNH

OY(1i=g,0

DO 30 Jul,NBHC



END' OF COMPILATION?

Fats

[
17
18e
19¢
20°
21
22¢
23
28
28
26°
270
28¢
29
30
e
32s
33
3se
e
114
37e
e
39e
S0¢
4
420
43
44
ase
LI 34
L2 A4
ase
q9e
5Q*
83
82
83
sS4
{11
LT3

o

20
10

307

3046

o8

103

104

101

102
50

NKSTHBNR )

IF(].Eo'NK) DY(T)aTP(I)

WRITE(8,100) (DY) 1nl,NNH)

CALL HAIMP!(HK.NNN.DV 20X ,601)
WRITE(6 1001 (DX (1) s 1n],NNH)

CALL REDUCE (DX, THBND ,NNH NBHC,60)
DO 20 Isl)NNH

OFB(1)epFB(1)=DX(])

CONTINUE

CALL ZERO(DX,46041)

CALL MAYMPY{HCK,N#H,DFB,0X,40)
CALL REDUCE(DTI 2 THBND jNNH,NBHC,40)
DO 307 1=1,NMH

ux(!)-oxtx).07|t!)

CALL RSTORI(DX,THBND,NNH, NEHC ;400
CALL RSTORL(DTI,IHBND NNH NBHC 460}
CALL RSYORI(DFB,IHBND NNH NBHT, 60}
DO 306 131 ,NNH

DTO(1}epX (1)

DO 308 y=1,NNH
DTO(I)epTO(TIYoTPIY)
OYL(1)apTi(I)eTPID)

NOPRNT.]

NOPRNTeg

1F (NOPRNTEQeQ) €0 TO SO
WRITE(s,103)

FORMAY(/' WATRIX DFB */}
WRITE(5,100) DF8

nalr:(c,lou)

FORMAT(/* MATRIX DX /)
WRITE(C6,1001(DX T Im]) NNK)
WRITE(6,101)

FORMAT(¢ MATRIX DY1 *)
WRITE(6,10Q) DTYI
runnuv:;otnr:n:.S))

WRITE(s,102)

FORMAY(/* MATRIX DTO ¢/}
WRITE(4,100) DTO

CONTINyUg

RETURN

END

NO DOIAGNOSTICS,

2¢
3o
4
Se
&
7
ae
9
10°*
1
12
13¢
19
15
160
17e
18
19e¢
20¢
21
22+
23e
28
25
250
27
28
29
3p¢
e
32e
33e
3qe
3se
36
37e
a8e
39
“0e
q1e
8420
830
4qe
ase
q4e
47
age
490
sge
5t
52¢

SUBROUTTNE STRSEL(DUDIDTO,1YIELD,IN)

REAL LAMDA,MU

REAL JCoB

COMMON/RLKIZAL100,B(10),C1100,P133),0033),RI33) W61 1HI6),IPT
CONMON ‘esz/u|«s).uz(a).uata).nqcs).uscai HE18) sH7 (B) JHB (B,

0H9(8).u10(a).GA(B).GB(B’.GC(B) GD(E),GE(B),GF(8),GHI(B),61(8)

*

20

30

4C

a5

60

CDHHON/nLKA/D(énébni(lD).EP(lo) SV!ELD(!O).lNU(lot.YKllIO).
Sn(IO)aALPMA(lo)|DENSTY(IOI.NYlJO).DELTcRY

COMMON/RLKT/7X(60) ,Y(60)4Z(4D) 4MNODE(B) MKBDE(29)"

COMMON /BLK9/DSIGMA(S) ,SIGMALL,30),SIGMALL4530)

CDHMON/gLK|QISIG"AB(30)'SlGHlB(SO).DSIGlS(JO).DslGZB(SO)u

SI1GMAX(30)

COHHON/nLll|ISYRN(6.30)oDSYRN(b,SOD.SYRNP(buiO) TABC

DIMENS TN LAMDA(&).HU(G).PH!(G).SS(&).DEPS(&).EQR(:Q)

DIMENSIQON DUD(1}DTOLL)

NNSNY(1y)

BIJe=E(NNIeALPHAINND/L1em2,8XNULINNDY

CALL 2ERO(EDR,241)

CALL ZERD(LAMDA,B,1)

CALL ZERO(MU,8,1)

CALL lEgO(PN108'|)

CALL ZERO(DSIGMA64+1)

CALL ZEROCI(DEPS,4+1)}

DO 10 I1mby24

NKoMKODE (1)

EDR{1)apUOINK)

D0 20 1s=ls8

LAMDAT 1Y mHI(11oP (1) eHY (T OPIFIOHT(IYOP (17}

MUCTISHY(T)0QU1)*HA(11eQUR)IGHT (1) 0Q(17)

PHICT) apgt(11OR(11eHALTIOR(IISHT(TIORI1T)

00 30 1=1.8

llﬂlﬁl-z

12=3elay

13s3ey

DEPS(1)alLAMDA(II®EDRITIISDEPSIL)

DEPS(2)aMU(1)*EDR(12)+DEPS(2)

DEPS(3)aPHI(1)9EDR(1314DEPS(I)

DEPS(4)mMU(TISEDR(I1ISLAMDALIISEDR(T12)+DEPS(N)

DEPS(S5)aPHI{1)oEDR(12)4MU(])®EDR(13)+DEPS(S)

oEPS(b).LAnoA(x)'cDR(lsloPultl)osoR(llloDEPstb)

J(oa-a(l)OPtlioatn)-o(.ioC(tlontli

DETJU®1,/70JCOB®B)

DO 40 Tamleé

DEFS(1)1aDEPSIT)ISDETY

DT=0. ,

DO 45 fmls8

MNSMNODE (1)

DT=DT*DYO(MN} /84

DO 50 1stis

00 60 ng.b

ps! GHA(!)'DSIGHA(l)'D(le)oDE’S'Jl

IF(1eLEL3) NSIGHA(I)SDSIGMAIT)eBTJODT



53¢ 50 SIGMA([,IN)= DSIGHALL)

5q4e SGRISTGMACT . INI+STIGMALZ,INI+SIGMALI,IN))/3, 1 SUBROUTNE STRSPL(DUDDTO,AJs1IN)
55 SSU11G1GMA(1,IN}=SG 2¢ REAL JCaB
54 T SS(2)m531GMA(2,1N)-56 3e REAL LAMDA MU
57 SS{3)=SJGMA(3,IN)=56 4 COMMON/ALKL/AL10),BCI0)4CEI0),PI33),Q(33)4RIIII W(6)sHISI4IPT
s8¢ SSI4)mSIGMA(4,IN) se COMMON ‘asz/nu(s».uzcs).usla».nnca).ustol.na«s,.w7as).na(e).
S59e SS{5)185IGMALS, IN) be eHOUB) 4 HIO(BY,GAIB),GBIB),1GCIB) ,6D(B)(GE(B),GF(B8)1GHIB),61(8)
60° SS(6)=STGMA(S,IN) 7e COMMON/RLKS/D1646),EC1GYEPC10),SYIELD(10),XNU(10) ,TKX(10)s
610 S1%1eSe (S5 (11902455 (2) 002455 3)00242,0(55(U)002,55(5)ee2e55(4)802) ae .  SHIIOFALPHAC10) 40ENSTY (109 4NY(30),nELT,4RT
62¢ e ) R 9 COMMON/RLK7/X(6D),Y(601,Z(60) 4MNODE{B) ,HKODE(24)
43¢ SIGMAB(IN)=SQRT(S1) . 10 COMMON /BLx9/DS|GnA(e).SlGMA(s.so).SIGMAl(soJO)
64 IFCSIGMABEIN) o GToSTGMAXIIN)) TIYIELD=1 1) COMMON/RLK10/S1GMAB(30)+S1GMIB(30),DSIGIB(30),051G28(30),
650 00 70 1=l+é 12¢ . . i . SIGMAX130) .
'Yy 70 STRN(!.IN)-DEPS(I) 13e COMMON/ALK]1/STRN(6,30) sDSTRNI4,30) ,STRNP(56,30) (ABC
678 NOPRNTw) i8¢ DIMENS AN LAMDA(8) ,MU{B) ,PHTI(8),55(6),DEPS(6),EPRI24)
a0 NOPRNTug 159 DIMENSIAN DTO(1)4DUDTL) sAJ(b,6)
69 1F(NOPRNT¢EQs0) GO YO SI 150 NNENY (1a)
70° WRITE(4,81) 17e sxa--s(uNi.ALPnAtNN)/(1.-2.-XNU(NN))
T1e WRITE(4, 80;(EDR(I).I-I.24) 18¢ CALL ZERO(EDR,2441)
720 WRITE(4,90) 19 CALL ZERO(LAMDA,B,1)
730 wnxrete,e:»«LAnoA(|’.Hut!).ﬁn1(!).l-l.a) 20¢ CALL ZEROIMU,B,1)
Tae WRITE(4,90) 21 CALL ZERO(PH1,8,41)
75¢ WRITE(é 84) 22¢ CALL ZERO(DSIGMA;641)
74e unlvsts,ao)(ozrstl) 11e1,6) 23¢ CALL ZERO(DEPS,8,1)
770 WRITE(s,86) DETY 240 DO 10 Ialy24
78e 51 CONTINUE . 25+ NKSMKODE(])
79 80 FORMAT(JPEL+5) 24 i0 EDR{I)=pUQ(NK)
ape 81 FORMAT(+ LOCAL DISPLACEMENT MATRIX *) 276 DO 20 1=l48
aye 83 FORMAT(3(1PEL3.5)) 28+ LAMDALT)®HI (1) 6P )eHALIIoP(9)eHT(1)oP(1T7)
a2e 84 FORMAT(e ELEMENT STRAIN MATRIX *) 29 HU(])IN'(])oo(l)0"4(!)00(9)0”7").0([7)
83e 86 FORMAT(1 JCOBIAN VALUE = *,1PEI3.5) 30e 20 PHICTI syl (1 )SR{1I+HUCTIORIQI+HI(TIORI1T)
88 90 FORMAT(//} 3. DO 30 1als8
ase RETURN 32e 11e3e1ep
[ T34 END 33e 128301,
3y [3s3e1
TNG OF COMPILATIONS HO  DIAGNOSTICS. Y DEPS(2) k0 (1) EDR (12)4DERS (2]
37e DEPS(3)aPHI(1)eEDR(IIVDEPS(I)
3ge DEPS(4)wMU(T)SEDRIT1)SLAMDACT) *EDR(12140EPS(Y)
39e DEPS(S)aPH] (T19EDR(I2)¢MU(1)*EDRI13)4DEPSIS)
4o 30 DEPS(6)gLAMDA(T)*EDR(I3I+PHI(])OEDRIT1? ¢DEPSIS)
4. JCOBEA(]Iep(1)oBI1)OQTLI4C(LIORI)
42 DETJ=Y,/(JCOBSS,)
430 DO 40 Isl,4 )
440 40 DEPS{1)=DEPS(1)eDETY
45 DTs0.
e D0 45 fal,8
87e MNSMNODE (1)
nge 45 DT=OTDTO(MNI /80
49 00 S50 Talsé
50¢ DO 60 Jglsé
S1e 50 DSIGMA{1I®DSIGHALT) (DIl J)=AJLT,J))®DEPS(Y)
52e IFGIaLE,3) DSIGMA{IIWDSIGMALTIeBIJ®DT
53¢ 50 SIGMA(T IN)aSIGMAL(T,IN)SDSIGMALT)
540 SGE(SIGUALY,INISSEGUALZVIN)+STGMATI,IN)Y /3,
S5 SS{1)mS1GMAC1,4INI=SG
S4e SS(2)®51GMA(2,IN)=SG

25



57e
58
59
60
61
s2¢
830
b4
65¢
s
67e
s8e
49e
70¢
71e
72¢
73e
74e
75
Tee
77e
784
79
80*
8¢
82e
83e
84
8se
8¢
87¢
88e

END OF

1e
20
36
qe

£<

70

75

8o
81
83
84
8é
90
51

COMPILATION? NO

SS(3)=S1GMA( 3, INI=SG

SSLU4ImSIGMATY, IN)

SSI5 IS IGMA(G, [N}

SS(4)=SIGMA(L, IN)

DSIG2B(IN) =00

DO 70 i=l43

Jml+d
DS!GZB(;N)-DS!GZR(lN)¢(l-SoSS(l)-DSIGMA(1)01.0-<5(J?‘DSIG"A(J!)
. /SIGMAB(IN)

CONTINUF

00 75 I=lss

DSTRN{1,IN)=DEPS(])

NOPRNT e}

NOPRNT=q

IF INOPRYT.EQ.Q) GO TO SI

WRITE(6,81)

leTE(b,BOl(EDR(!).l-loz“’

WRITE(4,90)

WRITE(4,90)

WRITE(s, 2 Ay (LAMDA (1) MULTY PHT (1) ,181,8)

WRITE(4,84)
wnltc(e,aqxtocps«tl
WRITE(s,886) DETY
FORMAT{{PE}3e5)
FORMAT (¢ LOCAL DISPLACEMENT MATRIX *)
FORMAT(3(1PE13.5))

FORMAT (e ELEMENY STRAIN MATRIX '}
FORMAT(+ JCOBIAN VALUE = *,1PE13¢5)
FORMAT (/)

CONTINUE

RETURN

END

BEARY-3)

DIAGNOSTICS,

SUBROUTINE SKAPPA

COMMON JBLKA/NELEMT ,INODE ,NB NBHC JLHEAT jLSTRES NNy NM ¢ NNH  NKH
COMMONZRLKS/D (6461 3E10) yEP(10),SYIELD(10) ,XNUT]O},TKXI10),
. SH(T0) ALPHALLIO) yDENSYY(10),NY(30),nELT,RY

s
be
7
8e
9
10
il
12+
13e
14
15¢
16°
17¢
18¢
19
20¢
- 21
22+
23
240
25+
26
27+
28°
29+
3o
3
32e
33
Age

END OF

120
50

100

COMPILATION: NO

COMMON 7RLX9/DSIGHMA(6) ,ST1GMAL6,30),SIGMAL(4,30)

COMMON/RLKID/SIGMAB(30)+SIGMIB(30),DSIGIR(30),Ds1G28(30),
. SIGMAX(30)

DIMENSION aJl6,6),55(6)

REWIND ?

DO 100 =1, NELEMT

NNSNY (1)

GNE(NN) 724 /7( e+ XNUINN})

CALL ZERO(AJ,646)

IF{DSIG2B(1)sLT+C,0) GO TO S0
IF(SIGMAB(T)eLY«SIGHAX(T)®0.99) GO TO 5O
S032e/9,/GeSIGMAB(1)*¢2¢(EP(NN)+I,*G)

IN=

SGRISTGMA(T ,INI#STIGMAL2,IN)+STGMALD, TN)I/I,
SS(1)1=S1GMA(1,IN) =56

SS(2)1851GMA(2,IN)=5G

SS(31e51GMA(3,INY=5G

T SSH)IESIGMA (Y, IN)

SS{5)ES1GMA(S, 1IN}
SS{41aSIGMALL,IN)

DO 120 ylwp,b

00 120 j2=3,4

AL U1 ,J2)sSSUUT)eS5(g2)e2,8G6/50
CONTINUF

WRITE (gol) 1444

FORMAT( (HO,*JMATRIX? ,15,6(/1H ,46F13.%}))
WRITE(2) Ay

CONTINUF

RETURN

END

DIAGNDOSTICS.



)39

57¢ CALL GAUSSI114AAST I, 1)

1e SUBROUTINE STIFF(D,NX,NOPRNT) cae 270 HC(1,d)nAR
2 COMMON JRLKC/ESK(24,24) 4 HC18,8) NSKIR, BV TYPEH(8),TYPEI(B,8), 59 NOPRNT=]
3e CTYPEJIB,B) ,TYPEMIB,8),TYPENIB,8) ,TYPES(8,+8) s0* NOPRNT=q
4e DIMENSTION u(s.b) 61 IF (NOPRNTWEQeQ) GO TO 30
Se DIMENSIAN HSK1(8,8) ,HC1(8,8) 62 WRITE(4,60))
I IFINXeNge0O) GO TO 350 63e 601 FORMAT(//20X SHTYPEH}
7e CALL ZERO(ESK,24+24) sqe WRITE(6,600) ({TYPEHIT1,J),121,8),J=1,8)
ge CALL ZERO(HSK,8,8) 650 WRITE(4,632)
9e DO 200 wu=1,8 b6 602 FORMAY(//20X,SHTYPET)
10¢ DO 200 w=M,8 67 WRITE(S 600 LITYPETLT 4J)ylul,8),42],8)
11 CALL GAUSS(14AAM,N, L) 68¢ WRITE(6,603)
12¢ 200 TYPEM(M NiwaA 69e 603 FORMAT(//20XsSHTYPEY)
130 DO 210 mM=1,8 70° WRITE(6,600) C(TYPEJ(T 4 J)olal,8)yJ),8)
1ds Do 210 N®M, 8 Tte wanE(s 604)
16e CALL GAYSS(2,AA M, Ny1) 72 604 FORHAY(IIZUX.5NTVPEM)
16e 210 TYPEL(M NizaA 73 WRITE(6,600) (ITYPEMIT 10}, 1x1,48),J81,%)
17¢ DO 220 u=1,8 74 WRITE(6,606)
18 DO 220 y=K,8 750 606 FORHAT(/IZOX.SHYYPEN)
19 CALL GAYSS(3,AAM,N,1) 74 WRITE(s, 6001 LITYPENIT U y1ml,8)4Jm1,8)
- 20¢ 220 TYPEJ(M NIsmAA 77 WNRITE(4,605)
21 D0 260 wu=1,8 78 605 FoRMAY(/lznx.SHTVPESl
22e 00 260 n=M,8 79¢ WRITE(4,600)L{TYPESI1,J}y181,8),Jm],8)
23 TYPEHIN,M)aTYPEH (M N 80° 600 FoRMAr(a(lpcus.sl)
24 TYPEL(N,MIaTYPEL(MIN) a1e WRITE(6,599)
25¢ 260 TYPEJIN,M)IaTYPEJIMIN) 82e 344 0RHAT(|H|/.SX 24HELEMENT STIFFNESS MATRIX/)
260 DO 230 u=1,8 B3 WRITE(4,600)1{ESK(T4J) 4 181,24),0m],24)
27 DO 230 w=1,8 8ye WRITE(6,70!)
28¢ CALL GAySS{4sAA M N, 1) 85e 701 FORMAT(EQX.O THERMAL STIFFNESS MATRIX ¢/}
29 230 TYPEM(M N)aAA 86 WRITE(4,600) ((HSK(T ) 181,8),0m1,8)
g D0 240 w=l,8 87e WRITE(6,271) .
3y DO 240 N=1,8 age 271 FORMAT(/1X,* TRANSIENT HEAT CONDUCTION MATRIX ¢/}
32 CALL GAYSS(SsAAM,N, 1) 89e WRITE(6,800)(IHCI1,J)21%31,8),J81,8)
33e 240 TYPES(M NlumAA 90 10 CONTINUE
34e D0 250 wuel,8 91 DO 400 1=1,8
35e DO 250 w=1I,8 92 00 400 ;)II.B
36 CaLL GAUSS(A.AA-".N.I) 93e HSK1ET, j)mHSK{T4J)
37 250 TYPEN(M N)uAA 94e 400 HCL(l,JryeHet )
38e 00 300 1=1,8 95e RETURN
39 00 300 y=1,8 96 350 CONTINUE
LT ) ESK(14J)%D(141)10TYPEHL],J}eD (4, GIeTYPEL(Y 4 1eD(446)0TYPEJLT,J) 97e 00 410 y=1,8
LERJ ESK(l-Joﬂl-o(l.ZHYVPEN(!.J)OD(‘h“)OYVPEH(J.H 9ge DO 410 4wi1,8
42 ESK(I.Jolé):D(I.D)OTVPEN(I J1aD(6,61eTYPENIJYI) 99 HSK T, JysHSK1 {1 4J)
a3é ESK(]e8, Joa)-n(z.z)-rvrtltl J)‘D‘“.“"TVPEH(qu)‘D(SnS)'TVPEJ(I-J) 100° 410 HCUI  J)aHCr (T4 0)
490 ESK(1*8, J°|é)lD(2 3)eTYPES(14J)D(5,5)eTYPES(J,1) 101* RETURN
a5e ESK(I0|A.Jo|6)le3.3)'YVPEJ(l.J!‘D(S.S)"’VPEl(I J)e 102¢ END
44 oDUS, élcyYPEHtl.Jl
[} N
:;. 300 88 I{:”i., 29 . END OF COMPILATION: NO DIAGNOSTICS,
49 00 310 y=1,24
50°¢ 310 ESKUJyp)p=EQK(1,J)
S)e 10 FORMAT(4CIPEL345))
52¢ 0o 900 l'l.
83e DO 900 ,=1,8
sué %00 HSK(I'JI'NSK(I-J)OTYPEH(I.J)‘TVPEI(!.J)OYVPEJ(I o
s5e DO 270 1=1,8
58 00 270 y=1,8



1
2
3.
4o
[ 1.
&
Je
Qe
Qe
10¢
iie
12¢
13e
14e

SUBROUTINE PSTIFF(PK,PJ,IN,1GE)

COMMON /BLKA/NELEMT , INODE (N8B yNBHC JLHEAT JLSTRES ;NN yNMJNNH NHH
COMMON ZBLKC/ESKGZM.ZH).NC(S.G).ﬁsK(B.e).TYFEH(a.S).TYPE!(G.B).
'TYPEJ(@,G).IVPEH'B.B!.TVPEN(B.B).YYPES(B-B)

COMMON/RLK9/DSIGMA(S) sSTGMA(S,30),516Ma116,30)

DIHENSIQN PK(24,28),PJ16,48)

DO 300 1=1.8

0O 300 y=1,8 .

Pxlt,sdle PJ(I.I)'YVPEN(!.J)O?J(!oQ)OYVPEH(I.J)0EJ(1.6)OYVPEN(1.J)0

. PUt9, 110 TYPEM{Jy1)oPJ{U  4)eTYPET{TJ)ep (U, ,8)eTVYPES(],J)s
. ) PUCS s IIOTYPENII 1 )ePJ(A 80 TYPES (Y, T2endls,6)0TYPEJC(T,)
PKU14Jep)ap (1 2) 0 TYPEMITJ)¢PUl1,4)8TYPEHIT1J)ePU(14SIeTYPEN(T,J)
. CPJLU,2)8TYPET(TJIoPJLY,4)eTYPEM(JyT1)ePI(H,5)8TYPESIT, V)
. SPUCE 2V OTYPESIJ 1) *PUCE,4)TYPEN(JI)ePU(6,5)0TYPEJ(T4J)

15¢
18
17e
18e
19
20¢
21°
22
23
24
25¢
26
27
28¢
29
3oe
3.
32
33e
34
3se
36
37
lge
39e
40
qle
42
43e
Hye
as5e
440
470
4ge
49
Soe
Sie
520
53¢
Sy
sS§e
S6e
57¢
S58e
59e
400
YR
b2e

END OF

300

301

600

601

605

402

603

604

606

610
611
620

500

COMPILAT]

PK(].J.T&)- PJll|3)0YVPEN(1,J)0PJ(|,S)QTVPEN(I.J)OPJGI.6lOTVP£N
SULaJ 4P L4, 30 TYPESITIYI*P L4, 6) e TYPET (14 ) oPI(as6) e TYPEN(S,I)
§ PUlbsdYSTYPEJ(T 1 JIoPJ(64518TYPESIJ, 11ePJ(656)OTYPENII,T)

PK{1¢8,348)sPJ(2)2)0TYPEI(],J)ePJUL2,91eTYPEMIJ,T)+PJ(2,5)0TYPES
S (1) *P 64,21 ¢ TYPEMIT U +P (4, 4)8TYPER(T4J)¢PU(4s5)9TYPENII,J}e
1 PJ!S‘Z)‘YYPES(J.I)OPJ(S.H)OYVPEN(J.!)oPJ(S.S)oIVPEJ(I.J)

PK(108.4616)-PJ(2.3)'TVFES(l.J)oPJIz.S)-TVPEl(l,J)oPJ(Z.b)OTYPEM
Sy 1)sP 4,3V eTYPEN(T UI4P (4,510 TYPEM(T,J)*PJU{U4ss)eTYPERII ,J)e
zPJ(S.J)éYYgEJ(I.J)'PJ(S.S)-TYPESIJ.I)0PJ(5.6)'T;PENtJnl)

PK(10Ié.J‘!bJ-PJIJ.SD'TYPEJ(l.J)OPJ(J.Sl’TVPES(J.I)oPJ(J.s)oTVP[N
U EI4P IS  3ISTYPESII 4 UIoP(5,S)OTYPEL(T ) J)¢PU(G8)sTYPENIU,I)
2PJC6 31 e TYPENIT 2 JIOPJL6 451 e TYPEMIT JIePJl6,6)eTYPEHIL,J)

CONTINyE

DO 301 1w1,24

DO 301 g=1,2%

PK(J;‘):PK(IlJl

NOPRNTw

NOPRNT-Q

IF(NOPRyTeNEe1) GO TO 500

FORMAT(aCIPEI3eS))

WRITE(4,601)

FORMAT(//20X)5HTYPEN/)

WRITE(6,600) {{TYPEHIT,J)y1m1,8),Ju1,8)

WRITE(g,6805)

FORMAT( /20X SHTYPEL/) .

WRITE(6 6001 LITYPEL(T u)s1n1,8),4Js1,8)

WRITE(s,602) '

FORMAT (/720X s5HTYPEY/)

WRITE(4,600) (ITYPEJ(T,43)s1u1,8),J81,8)

WRITE(s,601)

FORMAY (2/20X% ¢SHYYPEM/) )

WRlTE(axéool(leFE”(!.JI.l-l.8'.J'l.8|

WRITE(4,804)

FORMAY (/20X SHTYPEN/)

WRITE(6,600) (({TYPENIT,U)y121,8),J21,8)

WRITE(4,606)

FORMAT(2/720XSHTYPES/)

WRITE(6,600) ((TYPES(14J)4121,8),30%1,8)

WRITE(4,610)

FORMAT(,20%,* MATRIX J '/}

WRITE(6, 6111 IPIIT ) 1=l 480 0Jm],46)

FORMAT{o(1PEL3.5))

WRITE(6,K620)

FORMAYT(//720X,y* MATRIX PK */)
WRITE(S,80n)((PK{TJ)y1%1,24),d81,24)
CONTINUE

RETURN

END

ON? NO ODIAGNOSTICS.



07

2e
3.

4

59

4

7

ge

Qe
(L1
11
120
13
150
15
160
17¢
18¢
19+
20°¢
21°
22¢
23
240
25
24

ENp OF

Qe
10
e
12e
130
140
150
16
17e
189
199
20+
21
220
230
29

ENp OF

C PRINTS OUT JOINT FORCES AND DISPLACEMENTS FOR 3=D

1
ts

2

16

COMPILATION? NO

C eeese PRINYg OUT NODSL TEMPERATURES FOR 3=-p STRUCTURES

t
15

5
q

4
s
[

1
2

SUBROUTINE PRNTOT(ALB X e Z M NJWNP NN

STRUCTURES
DIMENSIAN ACNNI ¢BCNNI o XCH) YU} ,700)

NPaNPe}

LINES®;

WRITECS 1INP

WRITE(6,2)

00 15 IslaNy

TFPULINES=49)4,3,3

LINESS]

NP®NP+ )

WRITE(s,1 ) NP

WRITE(4,2 )

KHaM o]

KHHBKHepe | .
wn1¥E(¢,ls:1.!(!’.V(l’.zt|1.lA(J'.J-rNH.KN).GB(Jl.J-Kuu.Ku)
LINES=L gNESs+ !

CONTINUE .

FORHAY(‘NI‘lISl.SHPAGE YA

FORMAT(// SXpSHJOINT.JX.7NCDORD-X,JX.7HCOORD-V.3X.7NCDORD-Z.6X.
]7“’0"((7!.“!'7HFORCE-V.“X.7“?0“(5'1'IOX.7NDISPL-X|7Xn7HDISPL'V.

27X 7HD16PL=2/ )

FORMATI) SX,T4,2X,F903,1X,F903,1XF9e3,3X,F10e3,1X F10+301X,F10.3,

16X tPELIReS, 1XsIPELI3¢So X IPETICS)
RETURN
END

DIAGNOSTICS,

SUBROUTINE PRINTT{A,BsXs Y ZsMyNJ NP NN)
COMMON/ALK4/TO(68)+T1(60)1,721(60),0T0(6014DT1(60)+DT2(60)

DIMENSTAN AUNNIBINN) o X(1),Y 010,701}

NPENP o)

LINESH)

WRITELG, 1INP

WRITELs,2)

DO 15 1slaNJ

IFILINEG=49914,3,3

LINES=]

NP=NP+)

WRITE(6,1 ) NP

WRITE(S,2 )

CONTINUE -
WRITE(S, 161, X (T, YOI 201 ALT), BETY,T200),Thet), 7001}
LINES = LINES ¢ 1

CONTINUE

FORMAT([H] 115X ,5HPAGE 4137

FORMAT(,/ EXoSHJOINT ,3X,7HCOORD=Y ,3X,7HCOORD=Y ,3X,7HCOORD=Z,
09!'07'.-01.'078'»IOXv'TZ CLI0X,*TL *,10XstTO/ )

16 FORMAT(/SX.!”.lX.F?oJ.l‘.r9-3.IX.F?-S,SX.S(IPE]j-S))

COMPILATION? ND

RETURN
END

DIAGNOSTICS.

essspsseen

11000050

11000070
11000080
11000090
11000100
11000j 10

11000} 30
11000) 60
11000) 40
11000} 50
1100670
11000180

17000310
11000330

11000340
11000350

18+

11000360 ¢np OF

11000370
§1000430
11000840

1100n8R

11000975
11000080
11000090
11000300
11000110

11000) 30
11000160
11000} 40
11000150

11000310

11000430
11000440

]e

2
3
ye
5e

7.

ae

9.
10
1.
120
13
14e
15
14
17
18+
19«
20°
21
22
23
24
25*
26"
27
28¢
29e

newN

COMPILAY]JON? NO

20

100

200
3ee

SUBROUTINE PRINTK(A,ByN}
DIMENSTION  AC1), BLD)
WRITE(s,3)
DO 2 laj.N
WRITE(s,9) 1
IN=N

JN= ]

D0 1 Jxiael
BLJ) =pA(IN)
INTIN=|
JINEINSTY
WRITE(6,5)
CONTINUE . _
FORMAT (1 H1//s 2X 4 3INSTIFFNESS MATRIX (LOWER TRIANGLE) /7/)
FORMAT (72X, SHRO¥ =,14)

FORMAT (X, IPIQE13,4}

RETURN

END

(R{J) yJdml, 1}

DIAGNOST (S,

SUBROUTINE ELASTC(D,E,XNU}

DIMENSIQN D(6,6}

CONSTSE /(| ¢XNUYo () e=2e0XNUIY
CALL ZERO(D.6,6)

Dtl,1)mye=xNU

D{1,2Y=xNU

D{l,3V=xNU

D(2,1)=yNU

Dt2,2)aptl.1)

D(2,3)=xNY

D(3,t)uxNy

D(3,2)exNU

Dt3,Mentl, 1)
D{49,4)eneSe{)e=2s0XNU)
D{5,5)antq,4)

0(6,6 apl4,4)

D0 20 ftelse

00 20 J=lis
D(l,J1=cONSTeD( 1,4}

NOPRNTa(

NOPRNT=qn

IF(NOPRNT.EQ.0) GO TO 399
WRITE(6,100)
FORMAT ( /10X, 1 4HMATRIX ELASTIC/)
WRITE(6,2001 01D, ) s131,46),0%1,68)
FORMATLA(1PEI3.5})

CONTINUF

RETURN

END

10700060
10700070
10700080
10700090
10700300
10700310
107001 20
10700} 30
107003 40
10700} 50
10700) 60
16700170
10700) 80
10700190
10700200
16700210
10700220
10700230



/7

1e SUBROUTTINE RSTORI(D,1B,N,N8,NN}

END OF COMPILATION: NO DIAGNOSTICS, 20 DIMENSIAN DINN)IB(1)
e NH®NeNB 10600060
4 THay 10800070
5 t I=1R{1H) 10600080
b IFC1+GT,NH) GO TO 7 10600090
7e TORI=O(q}
1o SUBROUTINE ZEROUA,M,N) = . 2 3:;1;0'0 10600730
2¢ DIMENSTAN atl) . 10% 1FUJeGT.NH) GO TO & 10600140
3 KuMeN e YOR2%D(y)
e 0o 10 1al.k 120 s D(Jr=TORI
b to Atli=0.a 130 TOR1=ToR2 .
6* RETURN I4e IF{1«GE NH} GO TO 9 10600200
7 Ene 150 1aley 10600210
16¢ G0 TO 3 10600220
17¢ 7 0(1)1=0.0
ENpD OF COMPILATION! NO DIAGNOSTICS. 18¢ 9 IF(INsGFeNB) GO TO 10O 10600250
19¢ IH=THe ] 10600260
20¢ NHENHS | 10600270
21 GO TO 10400260
22 10 CONTINUF 104600290
23 RETURN 106002300
24e END 16600310
END OF COMPILATION: NO DIAGNOSTICS,
1e SUBROUTINE REDUCE(F,1B,N N NN} N
2e DIMENSIAN F(NN)},TBET) 1* SUBROUY!NE CONTH
ae IHaNg 1450n074 2¢ COMMON 7BLK2/HE(B) ;H2(B) \H3(8) ,HU(B) JHE(R) (HE(B) ) HT71B),HB(8),
ae NH=N 10500080 3 SHIUR) yH]B(81+G1EB)1G2(B)1GI(8),GU(B),65(8),G6(8)+G67(8),68(8)
S 1 I=18{1H) 10500090 b Ht{l)®=3.0
I IF(I=NH) 2,4,4 " 10500100 5e H1(2)m .0
70 2 NK1=NH-] 105001 10 4o H1(3181,0
8e DO 3 Ksp 4Nt 10500120 7 Hil4)se) o0
9 Kiexel 105001 30 Be H1(5122)40
10¢ 3 FUKYeF(xl) 9. Hil6)® 1.0
11 4 tHe[H=] 10500150 10 H1(7)s ].0
12+ NHENH=} 10800160 il H1(8)=e)s0
i3e IF{1HeEN+0) GO TO S 10500170 12+ H2(1)= 5.0
140 60 TOl 10%001 80 13¢ H2(2)==) 0
158 5 CONTINUF 10500190 14¢ H2(31% 1.0
160 RETURN 10500200 15¢ H2(4)8=140
17¢ END 10500210 16 H2(5)= §.0
’ 17¢ H2(4)ma] oD
180 H2{7)a 40
END OF COMPILATION? NO DUAGNOSTICS. 19+ H2(B)=a]el
20 H3t1)r= ya0
21 H3(2)==}40
22¢ Hi(3)=ey a0
23e H3t4)m 140
240 H3I(5)1a=740
25 HI(6)I= Y0
26 H3(7)= 1.0
27 Hi(A) =)0



7

280
250
3pe
3ye
32e
3ze
34
350
34
a7e
lge
39e
40+
4y
420
43e
4qe
4ge
4a8e
4y
4ge
4ge
sQe
sy
s2¢
s3e
Sy
sge
See
57
58
s9e
40
61
s2»
630
64e
65
boe
67+
68
69
70
71e
72+
73
74e
75¢
760
77e
78¢
79¢
80¢
8te
82e
83e
aye

20

CLYRREPSRY
He(21m-740
H4(3)a 7.0
H4(4)s 100
H“(S)'-!‘O
HA(6)8=)40
HU(7)s 1.0
H4(B8)=2 140
H5(tl)s !00
HE(21e |,
H5(3)a=) 40
HS(4)Bm}s
HE(8)so] 40
HE(b)®a)s
H5(713 ;40
H5(8)= ),
H7‘|)‘-1'0
H7(2)8-].0
HT7(3)m=} 0
H7(“)l-!-o
H7(5)8 1.0
H7(6)% 140
H7(7)® 140
H7(B)% 140
H10(t)=alep
HI10(2)= leg
H10(3)=sulen
HI0(4)= leD
H10(5)= 1ep
H10(é)saleD
H10(7)e g
H10(81a.1e0
00 10 1sls8
HELLIWHZ (1)
HB(I)mu3tl)
HO(I)=hHE (1)
DO 20 lals8
G1tl)= Je0
62(1)%=)40
62(21= 140
G213)m 140
G2(4)%=~;40
62(5)8e40
G2(61® 140
G2(7)= 1.0
62(81ma} el
63(1)--1.0
63(2)m-}.0
63(3)a 1.0
G3l4)= 1-0
G3(S)==1.0
63(6)--100
G3(71= 340
Gi(s)s 10
Ga(1)==) .0
GH{2)2=340
Gat3)=ate0

85e
86¢
87e
8ge
8se
90+
9
92+
93e
94
95
96
97
98
_99e
100¢
10t
1020
103
104
105¢
106°
107¢
1o8e
109¢
110
pite
| R Ad
113e
114
115¢
118
§17e
118
119¢
j20°
121*
122¢
123

G4(4)ma],0
G4isie 740
G4(6)® 1.0
G4(7)e §.0
G4(B)= 100
G5(1)s §.0
65121m2]40
G5(3)e 1.0
GS(4)mayaD
65(5)% J.0
GS(&)me} O
G5(7)m 1.0
G5(8)a-]40
Gel1)e 140
Gsi2)= x.o
G6t3)may o0
G6(41==] 0
66(5)ma]40
TITILES Y
G8(71m 140
Gs(8)a 1.0
G7(1)s 1.0
67(2)=-340
G7(3)®m=) 0
G7(41m J40
67(5)1m=}.40
G746)m 1+0
67(71% j40
G7(8)l-loD
68(112-].0
Ga{2)= 3.0
GB(3)ma) 40
GBl4)e ;.0
G8(5)= )40
GBl6)==)40
G8(7)= J.0
GB8{8)Imay 0
RETURN

END

END OF COMPILAYION?

NO

DIAGNOSTICS.



1o
2°*
3
ye
g
b
T
ge
Ge
10°
11°
12+
13+
1ae
15
16

END OF

1¢
2
3.
Ge
5
be
T
8
Qe
10°
ile
124
13
14¢
i5e*
16
17e
18
19
20¢
21
22+
236
290
25
24
27
28e
299
30°
318
2.

7

SUBROUTINE MATHMPY (A ,N,X,Y NN}
DIMENSION AQI) X {HNN) Y (NN)

0N 4 Tag,N

Nas]
NB=N=|
Y{l)=si,0
Do 4 J=,
Yii)mY (g}
1F tJd=1
NAsNASNA
N3sNB=|
60 10 4
NASNAS)
CONTINUF
RETURN
END

N
+A(NAYSOX ()
213,53

COMPILATION? NO DIAGMOSTICS,

w N

o

SUBROUTINE BOUNDUA,IBN)NB)
DIMENSIAN aAql) 1B
IHeNg

NH®N

181B(1H)y

Js}

Kas1 _

IFLT sLfe 1) GO TO &

KDE( (2o H=gothog) /20l 1ay=])
KCeKA®y

ACKA)aA(KCY

1FIKA +GEe (KD=J)) GO YO &
KAWKA®|

GO 10 3

IF( J +GEe (1=13) GO TO S
KASKA+]

Jeuel

G0 TO 2

1F(J oGFe (NH=1)) GO TO 8
KA®KA+) .

KD®(NMe (NHa11) /2

KCEKASNG

ALKA)®RA¢KC)Y

1IFIKC ,GEe XD) GO TO @
KA=KA®]

G0 T0 7

IFUIR o1 €Ee t) GO TO 9
IH=[H=}

NHENH=|

GO VO 1

CONTINUF

RETURN

e

END

103CL110 END OF COMPILATION?

103006120
10300130

10300160

10306190
10300200
10300210
10300220
10304230
1030u2%0
10306250
10306240

1080h06N
10800070
10800080
16800090
16800100
10800110
10800120
10800130
10800} 40
10800150
10900160
10800170
10800180
10800170
10800200
10800210
10800220
108006230
10800240
10800250
10800260
10800270
10800280
108002%0
10800300
1080Gat0
10800320
10900330
10806340
10800350
10800360
10800370

2

4o

Se

&

Te

ae

qe
10¢
e
12
13
l4e
150
16
17e
1ee
i9e
20°
21
22
23
240
25¢
24
27
28°
290
30e
e

NnAANANANOAOANAONNNNANAADNANN

NO OTAGNOSTICS,

SUBROUTINE MATINY(A,C, N}

INVERSTIAN SUBROUYTINE FOR SYMMETRICAL MATRICES

REPLACES MATRIX BY TS INVERSE

GOO0D ONyY

see e METHOD ;.

A 1S TgE

esseC 1S A pUMMY COLUMN OR ROW VECTOR OF S1ZE N
N 1S TwE STZE OF THE MATRIX Y0 BE INVERTED

ese e INPUT | nWER OR UPPER TRIANGLE MAYRIX AS A SINGLfF ARRAY
NUMBER ¢cOLUMN (OR ROW) WISE, STARTING WITH DIAGONAL ELEMENY

secel IMIT On THE SIZE OF MATRIX A IS SLIGHTLY MORE THAN 200

A AND ¢ SHOULD BE DIMENSIONED

FOR WELL CONDITIONED MATRICES

CROUTS REDUTION (CHOLESKYS MEYHMOD) MOnIFIED FOR

SYMMETRICAL MATRICES

MATRIX TO BE INVERTED

MAIN PRAGRaAM

seesNO PROV{SION FOR TRANSFER OF CONTROL IN CASE OF SINGULAR MATRICES

CALL MATINV(A,CyN)

DIMENS 1N
1IX{HsJ1n
DO & Jmp,
DO & 1=,

Attt
(UetdeN=([Jel)®(Je?))/2 l=Js}

N

N

AS SINGLE ARRAYS IN THE

10800380

10200290
10200020
10200930
10200040
10200950
10200060
10200070
10200080
10200090
10200100
10200110
10200} 20
10200 30
10200] 40
1020050
10200} 60
10200170
102003 80
10200190
10200200
10200210
10200220
10200230
10200240
10200250
10200260
10200280
10200300
10200310
10200320
10200330



49

32
33
3yé
35e
s
37e
lge
39e
q90°
wé
q2e
430
aqe
4Se
e
q7e
48e
49
SQ°
S)e
52¢
53
sqe
55¢
S6e
S7e
58
59
60°
b1
620
&3¢
s4e
65e
68
LY A
é8e
69
70°
710
720
73e
The

END OF

-
N -

15

COMPILATION? NO DIAGNOSTICS,

JxsJel
SuMsQ
DO 5 Kej,Jx
IXX=IX{14K)
JXXRIX( 39K)
KXX®IX (koK)

SUMBSUN LAGTXX) @ALUXXII/ALKXX)

IXXsIX(y1yJ)
ALIXX)wa(lxX)=SUM
NesNe]

Nil®N=]

po 15 J.I.IIN'
XXX {y4d)
ClJInl0/A¢I%XX)
Jisgey |

DO 10 1aJi4N
SuM=Q

[ S8 L3 D

DO 9 K=jsly
IXX®IX( 1K)
SUMRSUMGALTRXD8CIK)
IXXsIX(]s1)
CtllmesyM/at I XX}
1sN

NB=NB=] _

00 12 Jyas2,N8
1al=|

IXX=IX(141)

SuMeQ

11=gey
KXXs1X(yhagt=1

DO 11 Kall,N
KXXaKXX4e1
SUMaSUMeALKkXX)OCIK)
ClireCry)=SUM/ALTIXX)
DO 13 I=JyN
AtJXX)=ctl)
JXXmJXXel
CONTINUg
JXX'I!(H'N)
ALIXX )y a0/ZALIXX)
RETURN

END

10200340
102001350
10200160
10200370
10200380

. 10200390

106200400
10200410
10200420
10200430
10200440
10200450
10200460
10200470
10200480
10200490
10200500
10200510
10200520
10200530
10200840
10200550
10200560
10200570
10200580
10200590
10200400
10200410
10200420
10200430
10200440
102004650
10200660
10200470
16200480
160200590
10200700
10200710
10200720
10200730
10200740:
10200750
10200760

160
17
18
19
20¢
21
229
23¢
24e
25
280

340

3o

10

20
30

SUBROUTINE ASSIGN(ESK MX,NX,KODE ,NE,N}

DIMENSTAN ESK{N,N),MX{1),X{240,XSK{24%,24)
MM=3

1F{NXsEQeO} GO 70 330
DO 340 y=1,24

DO 340 y=1,24
ESK{sgyeXSKlTd)
GO TO 350
CONTINUE

D0 30 JaliN

DO 10 Isl.KODE
It=t+xont
12811eKnDE

Ka]eHM

LaK=1

Mal=]
X({M)ZESK (], J)
XCL)=ESK(1],J)
X(K)=ESK (12,4

DO 20 1x=lsN
ESK(T,40y=X (1)
CONT I[Nyus

DO 40 f=l,N

DO 50 J=!,KODE
Ji=J+KonF
J2®J1+xaDE



P

27¢
280
29
30°*
e
32e
33e
340
3se
36
re
ge
39
qge
41
q2¢
43¢
4490
450
4so
q47e
489
496
5
10
52°

END OF

2¢
3e
qe
5e
'y
7
ae
9
10
1ie
120
130
14
15¢
160

176

18¢
19e

50
40

350

320

K=JoMM

LeK=1
MulL=}
X{MImESK (], )
X(L)aESK (1, J1)
X{K)aESg(1,92)
DO 40 JmlyN
ESK{I,Jy®X(Jd)
CONTINUE
CONTINUE

00 320 y=1,24
DO 320 y=t,24

XSK(I.J!'ESK(I.J)

NOPRNTaj

NOPRNT=(

IF(NOPRNTCEQ.D)

Go 10 399

WRITE(S 6ITINE,(MX(T)y121,8)
811 FoRMAT(/sx,|unnEHsER NUMBER® , 13,2X, 3HMAB , 1332X,3HMB= 1 1342X, 3HNCS,

WRITE(s 4}

€1392Xy3HMDm, 13,2X ,3HMPe13,2X3HMQB,13,2X,3HMRe 13,2X,IHNS=,13/)

4 FORHAY(//"X.Z“NELEHENY STYIFFNESS MATRIX/)
WRITE (6, 2V (CESKET JYalal NI Unt 4N}

2 FORMAT(//71X,08(1PE13,5))
399 CONTINUE

RETURN
END

COMPILATION? NO

DIAGNOSTICS,

SUBROUTINE PQR{XsYsZ MXeNX)

COMMON JBLK1/ACI0)sBLI0}CC10),Pt33)4Q¢33),R(33y W(6),HI48),IPT
DIMENSION X (1), YU1),Z0E) MX(1)

IF(NXoNgWO) GO TO 350

CALL ZEmO(W, 6,1}

CaLL ZEQO(H.

1)

1IFLIPT,nEes) GO YO 20
W(1)m0, 7132449929
w(2)90,3607415730
W(3)m0,u679139344

Wi(s)ew(y)
w(S)eW(2)
EYRSELIRE)

H{1120,9324495142
H(2120,4812093865
H{3)eD,2384819186)

H{G)m=n3)
N(S)men(2)
Hibd)==n¢t)

20¢

rand
22
23
240
25¢
24°
27
28¢
29e
3oe
e
32
33
340
i5e
s
37e
3ge
39
4pe
4y
42
43e

4qe .

45
4o
476
age
490
50e
51
52¢
53¢
S4e
S5
S6e
57e
s@e
590
600
ste
629
63a
10
s5e
s
670
s8¢
69e
70¢
T1e
720
738
740
75
T4

20

40

115

GO TO 115

IFUIPT,NEsd) GO TO 40

Hi1)=0,n611363115

H(2)%0,3399810435

Hi3)sen(2)

H{4)ms=pncl)

W(l)=0,34785468451

W(2)=0,4,521951548

Wi3)aw(p)

W(dysw(y)

GO Y0 115

CONTINUE

Wil)i=t,pn

Wi2i=l,q

H(1)80,6773502691

H{2)m=Hy )}

CONTINyE

11sMX{ ],

128MX¢E2)y

138MX{3)y

TuRMX 4y

15aMXt5)

16%MX (4

178MX(7y

1a=Mx(ay

ACI)Ie=X 111 aX 0 2VeX013) X4 )X ('IS)IoX (160X tI7)aX(]B)
AL2)®ax (1 1=X(12)aX(13)eX(14)aX(18)aX(16)ex(I7)aX(18)
Ald)max 11 )=X{T2)=X(13)=XUT4)eXt1S)aX 16 eX{17)eX{]B)
A(Y)= XI!l)-X(IZ’tX(l!)-!(]“)‘l(YS)-l(IAYOX(l7)gl(|B'
AC5)8 XeTd)eX({121XtI3) X (14)aX(1S)mX(16)eX(IT)exX(10)
Ats)= Xgll)-X(IZ‘-X(YJ)OX([ul~X(IS)0!(lbiol(l7)-l(l!’
AT matg)

A(B)eAcqg)

A(9)-A(g)
A(lD)l-x(II)OX(l?)-x(ll)‘l(14101(15)-1(lé‘OX(l7)'X(IB)
Bll)may eIl )eY ([ 2)eY(I3)mY(]9)=Y(I6)aoY(I6)0Y(I7)aY(]R]}
8(2""(llloV(XZ’QY(IJ)OV(|~)~V(lSl-V(]6)0V|l7)oY(|8)
BU3)Omy Tl )eY([2)aY I3 mY ([ U)eY(IS)aY{[A)eY( (LT )oY ]8)
BlY)® yell)mY(12VaY(13)=Y(14)oy(IS)aY(]Adey(IZ)aY(]B)
BISI® Yell)aY([2V=Y(13) oY (U)o Y(IG)=Y(16)oY{]T7)eYL]n)
BoO)® Yl 1aY(12)aY(13)eY([d)=Y(16)eY I b)eYI171aY(18)
8(7)1m8(g)

8(B)=B(y)

B(9)=B(5)
B(lo)--ytlx)OV(12)-v(|3)0'|lﬂlovllS)-V(léloY(l7)-V(la)
COI)®eZ 1) eZ(12)eZ(13)=2( 108 aZ(15)42(16)02(17)a2(18)
Cl2)meZ (11 1eZ(12)V2(1I)e2C14)a2(1S)=2(18)e2(17)s2(18)
C(Jll-Z(ll)-2(!2)-2(!3)’1([“)02(l51021|6)01(l7);1(18)
ClYyrs 2¢TI1=2012)42013)22(10)eZ(15)=2(16)62(37)u2(18)
C(9)e Z¢11)e2(12V1=aZ(13)2(141=2(18)eZ2(18)e2(17)42(18)
Clo)s 2¢l1)=Z(12)=2(13)22(t41=2(15)e2(14)02(17)a2(18)
[ARALIAYS]

C(G)IC(u)

C(9)1eCx5?

((lO"-?‘ll)OZIII)-Z(ll)OZ(l")‘Z(IS) 7(!6)01(17)'1(18)
00 10 I=1,9

Al1)80,7125ea01)



77

rRAd
78
79
80*
81
82
83é
84
85
84
a7e
ege
89e
90
91
92
93¢
Y4e
95
96
97
98¢
_99e
100+
101¢
j02¢
103
104e
105+
106°
107e
108¢
109
110°
111e
112¢
113
LL
118
pise
117e
118
119e
120*
1210
122¢
123
124
125
126
127
128¢
129°¢
130¢
131¢
132+
133

B(11=0,125¢B1(1)

Ctir=0,125eCt 1)

PUII=sR(2)ectd)=-Cl2)8R(D)
P(218B(2)eC(6)=C21aB(6)+B(BIOCIII=CLA)*B(I)
P(J)-B(7)0c(9)-C(Z)OR(9)
P(4)=B(glec(3)-C(S)eB(3)
P(S)wBiplocta)=ClBleR(6)
Pr6)RB(2)oc(t0)=Cl21¢B(10)¢B(8)eC(9)~C(B)eB(T)
P(7)=B(glec(9)=Ci5)enig)
P(BISB(gIec(6)}=C(B)aB(5)+B(1D)*C(3)=Cl10)eB(I)
P(ZS)'B(S)OC(iu)'C(S)'B(IO)OQ(lO)‘C(?)-C(IO)'B(q)
P(28)=p(RrecilO)=C(BI*B(10)

P127)1mB(10)eCl6)= Ct10)eB (&)

PI9)=C( )ep(3)aBl)eCD)
PLIDYIsCyl)eBlb6)=B(1)eC(8)
P(Il"C(I)OB(ql-R(l7‘C(9‘0((“)08(3)-8(4)'C|3)
P(12)2B(3)eC(7)=C(3)eB(T)
PL13)=CeR)ep(9)=B(4)2C(?)

PLIGISC (1) eR(10Y=CL10)0BI1)¢C(4)8B(AI=B(4)0C(6)
P(IS)INC(7)eB(9)=R{7)6C(9)¢C(10)eB(I)~B(1D)eC(I)
PU161RC(71eB6)=B(7)0C(4)
P(28)8C(7)eB{101=B(712C(10)+Ct10)1eB(&1aBII0)OC(4)
P{29)sC(4)eB()O)=B(4)eC(10)
P(30)®C(10)+B(9)=B(10)eC()
P(17)sg(1)eC(2)=B(2)eC(])
PLIBIeB(1)eC(BI=C(1)eB(B)
PCIG)SB(H)eC(2)=C(HI®B(2)
?(ZD)IB(l)oC(S)-C(l)'8(5)08l?)o((Z)-((?)'B(Z)
PlL21)wg(7)eCiB)=C(7)eB(5)
P(221mB(4)eCIB)=C(4)eB (B}

PI23)mB 4)aC(B)=C(4)eB(5)+pl101eC(2)=C(10)eB(2)
Pl2u)msg(l)eCl10)=Cl1)*B(10)+B(7)0C(BI=C(T7)0B(8)
PI31)BB4)eCl1G)=C(4IPB(10)+BE10)eC{8)=C(10D)I*B(n)
P(32)%g(7)eCliIGI=CtT7Y*B(1IO)
B(33)=p¢101aC(S)=8(5)eC(10)
Q(l)-l(3)°((21-l(2)0643i
Q(Z)-A(3)‘((8ch(B)'((J)Ol(6)'((2)-AIZ)'C(6)
Q(I)=A(glec(2)=Al2)0C(9)
QE4rmA(yrIec(S)I=A(5)eC(3)
Q(S)-Ata)'ctﬂ)-l(a)Oclbl

QUO1mC (21 ea(10)=A{2)9C(10)eCIBIeAITI=A(BIOC(T)
QI7)mA(glec(S)=AlSIeC(9)
QIBIRC(E)®a(6)=AlE)OC(E)+C(1O)SALI)IwA(1D)IOCLI)
G125)8C SIeal1DI=A(SISCII0)I+CLIOISA()I=ALID)I*C(0)
QE26)2C¢BIeaf10Y=~A(BYOCEIO)
QU27)8C1019ALL)=A(10)8C(4)
QIIIZA(Y)IeC(3)=ClEIoAl3)
QUiIDIoactleCla)=C(lYoALS)?
Q(ll)lA(l).C(?)-C(!)'A(?)oA(“)OC(Jl-C(M)‘A(3i
QE12)8a¢T1eC(3)=C(7)0A(D)
QUIAIBA(H)eC(9)I=C(4IPA(T)
QUIGISA(L)eC (1O =CLII®AL10)=ACY)&CIBI=ClUIOALS)
QEISIMA(T)eC(9IaC{TIOA(P)I+AL10)2C(II=C(10)0A(I)
QUIG)IBA¢T)eClb)=C(T7)eALS)
Q(ZG!'A(7):((lO)-c(7)'A(!o)oA(lU)OC(é)-c(ln)-A(6)
QU29)spaqd)eCl}Q)=Cl4I®A(10)

Q(30I=A(10)I8CI9)I=C! D18A(9)

134+
135
136
137+
138¢
139
140
141°
1420
1430
ja4e
145¢
1460
147
14se
149
150¢
151®
152+
153
154
155¢
156*
157*
158¢
159
160°
té61e
162
163
jous
165
166

167

168¢
169¢
170°*
171
|72‘
173¢
174
175
176
177
|78°
179¢
180°
181¢
182
183e
184e
185¢
186¢
!87'
188¢
189
190

QUI7)mA¢2)eCtl)=AC1)0C(2)
QEIB)SA(BYeCl1)=A(1)eC(B)Y
QUIG)mA(2)eC{4)mA(YINC(2)
QU2D1BA(2)eCUT)=C(2)%A(7)I+a(S)eCl])=CIBI*A(L)}
QEZ11ma(S)eCtT)=A(T)OC(S)
QU221=A(B)eClY)=A(H)0C(B)
QU23)=C(4)epa(S)=A{H)OC(SI+CI0IPAL2)=A(10)eC(2)
QE241mC ) eAl10)~ALI)®CUI0)+C{T7)®ALBI=A(T)oC(8)
Q(Jll-C(H)oA(10)-A(4)'C(10)0C(IO’OA(B)-A(IO)'C(pl
Q(32)mc¢7)eatIQY=AatT)eC(1O)
0(33)-c¢la)-A(S)-A(|0)0C(5)
REII®AC>)IoRE3)1-RI2)eA(3)
R(Z)ll(zlce(b)-l(5)OB(Z)OA(8)08(3)-A(3)’B(8l
R(3)=A{2)ea(9)=A(G)eB(2)
R(4)=A(GI®R(I)I=A(I)eR(5)
R(S5)mA(alepts)=AlsIentB)
R(GINA(PISA(ID)I=B(2)0A(ID)I+A(BIeR(9)=B(BIOA(T)
R{7)2A(E)I*R(F)=AlO)aR(S)
R(B)sA(c)®B(6)=-R(S)IeA(6)+A(10)*B(I)=A(3)*B(LID)
RIU25)ma(S)eBlID)=ALI0)eBIS)I¢A(IDI*B(9)=B(1D)*A(0)
R(24)8A(rB)eB(10)Y~B{RI®AIID)
R(27)%a¢10)1sB(6)=BI10D)*AL6)
R(9)xA(qtea(1l=aty)en(])
R{IO)I=pa(b)eB(1)=A(L)eB(S)
RULIISA(IIeB(U)I=A(H)OB(3)¢AL{F)eRIL)I=A(])?*B(9)
RU12)mA(3)eR{7)=A(7)eB(3)
REIAI®A(P)IeB(H)=-A(4)SB(T)
R(I41mgelloal10)=al1)0BLI0)+B(4I0A(LY=pAlU)eB(6)
R(IS)Iag(T)Iepal(0)=A{T7)®B(9)1+Bt10)8A(3)I=A(10)eB()
RULL)2A(b)eB{TI=A(T)eB(S)
R(ZBIIB(7)-A(lo)-A(7)Os(lD)on(lO)OA(b)-A(lO)‘B(A)
RI291mp(4)ea(10)=A(4)eB110)
R(3DI®B(10)A(9)~A(10)eB(9)
R(17)%a¢l)eRi2)=A12)0B (1)
R{IB)IsA(I)ep(B)=RB(]1)eA(B)
R(19)mA(4)ept2)=B(4)IOoA(2)
R(20)%A(1)eB(GI=R(LI®A(S)+AITIoB(2)=B{7}2A(2)
R(2118A(7)+R(5)1«B(710A(S)
R{22)%a(4)eB(B)=R(4)0A(B)
R(23)1%A¢101eB(2)=Rl10)eAt2)+A(4)eB(E)=p(H)eA(D)
R(24)8A(1)eR(10)=B(1}*AL10)1+A(T7)*B(B)=B(T)eA(B)
R(31)1aa¢q)eB (10}~ B(“)'A(ID)QA(IO!OB(BI-B(lD)'A(n)
R{32)%a(7)eB(1G)=B(7)0AL10)
R(33)ma(10)eB(S)I=B(10)eA(S)

NOPRNT=q

NOPRNT =)

LF{NOPRNT.EQ.D) GO TO 399

WRITE(S,30) (MX{T1),131,8)

leTE(A 1009

wnlrcté,zooy(A(t).l-l.lO)

WRITE(4,300)

WRITE(4,200)(8(1),121,10)

wanE(e 400)

WRIYElG, 200)(((l).l-|.10!

WRITE(s, soa)

WRITE(6, 70O IPLI) , 1m1,33)

leTE(b.Bon)



£7

191
192
193¢
194
195¢
196°
197¢
1980
199
200¢
201
202¢
203+
204¢
205
206¢
207
208¢
209
210°

END OF

1
2¢
3e
qe
5
'yl
Te
al
9e
100
11°
120
13e
140
15¢
160
170
18
19e
20¢
21
22¢
236
280
250
28¢

WRITE(6,700) Qi1 , 11,433}
WRITE(4,900)
WRITE(5’700)(R!!).IHI.BS)
WRITE(4,402)
WRITE(@.“Ol)(W(l).H(l).l'!.lPT)

30 FORMAT(al5)
100 FORMAT(/10%,8HHATRIX=A)
200 FORMAT(|O(1PEL3S))
300 FORMAT (/10X 8HMATRIX=8)
400 FORMAT (/10X ,8HMATRIX=C)
401 FORMAT(2(IPEI3.6))
402 FORMAT(,20x,* GAUSS GQUDRATURE CONSTANTS ¢)
600 FORMAT(/10X,AHMATRIX=P}
700 FORMAT(a(lpPE13+6))
800 FORMAT(/10x,AHMATRIX=Q)
900 FORMAT( /10X ,BHMATRIX=R])
399 CONTINUF
350 CONTINUF

RETURN

END

COMPILATION? NO DI1AGNOSTICS,

SUBROUT {NE MCODE (MKODE (MY, L MM}
DIMENSION MKODE(!) 4MX(T}
COMMON/RLK/MA (301 ,MB (30} ,MC(30) ,MD(30),MPT30),Hn(30) +HRIIO0),MSLI0)
HXCE) aMatL)

Mx(2)mmp (L)

MX{3)mMciL)

MXia)sMptL)

MX(S)amp (L)

HX(&)'H@(L)

MX(7)mpMRlL)

Mxi(8)emgtL)

NisMMe (uAlL)=1) el

N2sMMe (uB(L)=1) 1

NyaMMe (uC{LI=1)9)

NasMMe (MD(L)=1)e!

NEaMMe (uP(L)=1)e]

No=MMO (uQ(()=1)+1

N7sMMe (MR(L)=F) 1

NBsMMO (WS(L)=1)e]

DO 20 1al MM

Jiwt

J2% L eHm

J3nJ2omm

Jam 3emnm

JSEJ4e MM

JemJSeMm

27

280
29
3o
3
32¢
33e
34
35
36
37
age
39
40
41
42
43e
ugye
use
460
47e

EnNp OF

2

J.

ye

5e

b.

T

8.

Ge
10
1.
12¢
13¢
14
i5e
16e
170
18
190
20°
210
22¢
23¢
24
250
26+
27e
28¢
29e
3ge

20

COMPILATION? NO

60

20

3

J7sJb¢Mm
NEL Y AL T
MKODELyF)any
Nip=Mjey
MKODE(J>)mN2
N2aN2e|
MKODE(J3)eN)
NiaN3+ |
MKODE( ga) =Ny
NaBNY S|
MKODE Lt yg)=Ng
NGeNSe)
MKODE{ Jg)=NG
N6ENb+ ]
MKODE (U7 )Y=NT?
N7sN7 ¢}
MKXODE(Jnlt=NB
NBENBe|
CONTINUF
RETURN

END

DIAGNOSTICS.

SUBROUTINE KSTACK(SK,C,KODE,MM,MKODE N1 NN}

DIMENSTAN MKODE(1)sSK{1)4C(N1aN1) KM(B)
NXUT Jdypds(d=1)oNal(Jo]l}oi{y=2))/2¢01ed¢]
00 60 te!,k0ODE
JsMMe(Tal)et
KaMKODE(J)

KM{l)=g

DO 20 KelsKODE

DO 20 Jsl MM
NDIH".(;-l)‘J

NK=MKODF (ND}
NASNX{NK ¢ NK ,NN)

00 20 lsJyMM

NCsMMe (ye]l el

SKINA mgK(NAY+CINC,ND}
NASNA+)

KZs0

KXs1 .

DO 40 Mw2,x0ONE

KXsKXe|

KZ=KZet

DO 31 KXaKX,XKODE
KYsK=KZ

J1=KMIKY)

J2sKMiK)
IFUJ2=0712,4,3

LEENT I

NK= 2=

G0 TO 4

Ni=J2



s
32¢
33e
34
3ge
LYY
aye
3Be
39
40
ype
42e
43¢
44
45
4o
47e
4pe

END OF

1
2
3e
ye
s.
X
7e
ge
e

10

e

2+

13

ENp OF

50

COMPILATION? NO

100

COMPILATION? NO

NKe Jl=)

DO 3 Jul MM

NK®ENK |
NASNX (N NK NN1

DO 31 TalsMM
IFJleGTeJ2) GO TO SO
NDsMMe (k=KX )+J

NCEMM® (k=111

60 TO int

CONTINUF

NDSMMe (k=1)e+J

NCmMM® (g=Kx)+!
CONTINUE
SKINA)sGKINAY+CINC,ND)
NASNA+

CONTINUF

RETURN

END

DIAGNOSTICS,

SUBROUTINE GAUSS(IT, AA M N, L)

COMMON /BLKEZA(IOY+BLE0) C(10),PI33),Q(33)RI3I3)4W(6),H(6),1PT
EXTERNAYL F

AA=Q.0
DO 100
XaH(])
Do 100
YsH{J)
00 100
2uH(K)
AASAASW( T eW(J)OW(K)OF (X Y 2 4MyNyL,1T)
RETURN

END

1=1,1PT
am1,1PT

xel,1PT

DIAGNOSTICS,

l.
z.
3'
4e
5'
&
7e
e
G
10+
i1
12+
13+
14
15
169
179

18
19e
20¢
21
22
23
24
25*
260
27
28
29
3o
e
A2
A3
Ay
35
36
37
g
ige
q0°
41
42
43
[T}
uge
440
479
yge
49
50
Sie

EnD OF

FUNCTION FEXaYsZ oM, L, 1T
COMMON JRLK2/HI{R) yH2(B),H3I(B) ,HU{B) HS(B) ,HA(A ) 1HT7(8),HB(B)

'NQ(B)oH;O(B’nGI‘“)96218)-GJ(B).6448).65(3),Gb(B)v67(8).GO(8)

EXTERNAL PLAMNA,PMU,PHI,PICNS
G!(G|(M)‘G?(")0“63(%)-YoGH(M)07065(“)lXOYoGé(H"VOZ‘G7(H)OZ'XO

» GBIM)eayeYa21/840

DI(GI(N)‘GZ(U)'X’53(N)OV‘GH(N)OZOGS(N)QX'VOGQ(N;'VOZ’G7(N)'Z'X0

* GBIN)syeYe7)/84D

10

20

R1s]

40

50

60

300

70

80

90

100

110

120

130

140

150

160

170

180

COMPILATION? NO

Ea(GI{L1*G2(LI*X+GI(LIOY+GUIL)I#2+4G5(L)eX8Y+GoIL)oYeZeGT(L)eZoX+

e GB(L)Iey®Ye2)/840

GO TO (10,20530,40+50+160,70,80,90,100,110,120,130,140,150,160,

'170.1801.XT

FaPLAMD At X, Y2 M) ePLAMDAIX,Y,Z,N)8PJCOBIX,Y,Z)
GO TO 3a0
FaPHUIX,Y,Z,M)ePHULX, Y, Z,N1SPICORIX,Y,2)

G0 T0 100D

FaPHI(X Yy Z MIOPHI(X Y, Z N)OPICORIX,Y42)

G0 TO 300
FoPLAMDATX,Y 2 M) ePMULX Y2 NIOPICOBIX,Y,7)
G0 TO 3~0

FaPMULX .Y Z MISPHIIX, Y, ZyN}sPJCORIX,Y,2)

G0 TO 300

FaPLAMDACX ,YyZ MIGPHI(X,Y,ZN)ePJCOBIX,Y, 2}
CONTINUF

FuF /64,

RETURN

FaPLAMDAIX,Y,Z M) el,s125

RETURN

FaPMULX,Y,7,M)e0e125

RETURN

FaPRI(X Y,Z,M1eDe125

RETURN

FaG/PJCAR(X,Y,2)

RETURN

FRGeD/P JCORIX,Y, 2}

RETURN

Fm GeDep/PJCOB(XY,2)

RETURN

Fa GePLAMDA(X,Y(7,N1*0.125

RETURN

Fa GePM{X,Y,Z,N)eQs)25

RETURN
Fa Ge
RETURN
Fa GeDepLAMDAIX,Y,Z,L)e0.125
RETURN

Fa GeDapMU(X,Y,24L 2004125
RETURN

Fa GeDe PHI[X,Y,Z,L)®0,125
RETURN

END

Pulix,YsZ,N)®0.125

DIAGNOSTICS,



1o FUNCTION PMULX Y2 ZoN)

¥ 2e COMMON JBLK1/A{10)B10),C101,P1331,0(33),R(33),W(6),HLE),IPT

1e FuNcrlo? PLAMBALYX ¥ 7 4N) ) 3e COMMON sBLK2/H1(B)H2(8) H3(B) ,HU(B) JHE(B) JHOUB) 4H7(B) HBIBY,
20 COMMON JBLKI/A{ICI+RE10)sCL101,PII3)Q(33),R(3I3ysW(h) HIS),IPT 4 .Hq(g),H;a(gy.Gl(e).Gz(e).GJ(ﬂ).Gu(a).5515).66(6).67(5).68(5)

3 COMKON ZBLKZ/NI(R).HZ(S).HJ(Bv.HM(GD,HstBi.Hb(G)pH7(B).HB(8). 5e Fl,(q(l‘.Q(z‘.x,9(3,.y.9(q,.Z.Q(gy.x.x.gté).x.y,Q(y)ov-on(g).z-x)
4e CHOER) yHTO(8),G1(8),62(8),G63(8),64(8),65(81,66(8),67(8),68(8) s FUm(Ql9y+Q10)eX+Ql11)eY+e0(12)074G(13)eYoYsQll4ysXoYeQISInYOTs
e ELS(P{[1oP{2)8X+P(I)8Y+P(H4)eZoP(C)esXoXsPls)OXOY,P(7)0Y024P(B)OZ0X, 7e sQUib)ozeX)

g E4w (PG 4P ([0)OXsP(11)eYeP{12)0Z4P(13)aYOYsP(lU4yoXoY+P(|S)eYeZw 8 Frei(Ql17)%Q(1B)eXeQ(19)10YsQI20)e20W(21)10Z0Z0Q(22)0X0Y4Q123)0Y 02
T SP(16)92eX) 9 *Q(24)eZeX)

ae E7R(Pl17)¢p(1B)0XeP(19)0Y+P(20)1024P121)1020Z4P(27)0XeYsPI23)sY0]s 1oe FierFleQ(25)oXeysZeQl26)0XeXoYaQ(27)0X0xeZ

90 *P(24)074X) 11 FUmFueQ2810XeYeZeQt29)0YeyeXeQ(30)oYeyel

10e EL=E)I+P(25)eXoYeZeP(26)9XeXOY4P (2T )oXoxe? . 12¢ FIaF7+Q(31)oXeYeZeQ(22)0702eXeQ(33) 07020y

1e E4SEH4ep(2B)eXeYeZaP(29)0YsYeXsP(30)eYeyelZ 13 FlORFleysZeFHUoZaXeFToXeY

12¢ [7-E7OP!3|)DXOVOZQP(32)'7'Z'XOF(33)'1'2" 14ae F2=Fley

13e E10sEloyeZeElsZoXeET XY 150 FisFlez

14e E2=F ey : Y6 FoeF4ey

15 €3sgje7 17¢ FoeFy4ex

lee E5sedez 18 FasF7ex

17 EssEYOX 19¢ FoafFT7ey

18e EgsETex 20¢ PHUS(H] (NI eF1+H2IN)OF24HIINIOFI+HA(NIoF4+HE(NIsFrS+Hb6(N)OFbe

19¢ E9sET7 ey . 21 CHTIN)®F7eHB (NI SFBeHIIN) *F9)
20e PLAMDA=m (HI(NICEI+H2(N)SE24HIINIOFI+HUINICEGeHE (N} *ESS 22 PMUSPMUSsHIA(N)SFIQ
21 -ne(N)-[QoH71Nqu7oua(N)0ERoH9(N)OE9) 23 RETVURN
220 PLAMDASBLAMDA+HIOIN)SELD
23 RETURN

240 END
240 END
ENp OF COMPILATION: NO D1AGNOSTICS,
END OF COMPILATIONS NO DIAGNOSTICS.



-

1
2
3e
ye
e
6.
T
e'
9e
10°*
e
12+
13+
l4e
| 5-24
16
17°
i8e
19
20°
21
22+
223

24

ENp OF

1e
2e
3e
ge
(3]
&
Te
8e
9e
10
iie
12¢
130
T4e
15¢
Lae
17
189
19

END OF

FUNCTION PHI(X,YsZaN)

COMMON JALKT/ZA(I0)4BC10),C(10),P(331,0¢33),R(3I3y W(b) HI6),IPT
COMMON ZaszlHl(9).Hz(a).HJ(E).NH(S).HS(F).H6|8)'H7(8).H8(6)|
oHO(R).HuO(s).GA(R).GB(B!.GC(B).GH(B).GE‘“).GF(S).GN(B).GI(B)
GI®IR{])+R(2)0X*R(I)eYeR(U)eZ4R(G)eXOX4R{E)OXOY4R(T)OYSZeR(B)OZ0X),
GUR(R(Q 4R (1D)@X*RII1IOY+R(12)#7+RI1IVaYOYRITU)*XoYsR(]5)0Y070
eR(1619Z¢X)
G7=(RU17I+RI(IB)OXeR{19)18Y+R(20)0Z+4R(21)070ZeR(22)0X0YeR(2I)0Y0Z+
CR(Z24)®Z24X)

GI®GI+R (251 eXeYeZsR(26)0XexaYsR{ 2T )Xoyl

GURGHIR (2B)eXeYeZsR{29)eYeyaXeR(IN)eYeye?
GT=GT7+R(3t18XeYeZ7eR(32)0702eXeR13II)0207eY
GlOZGloveZegUeZeXeGToXeY

G2sGley

Gi=Gle2

Ge®GYe7

GéeG4eX

Ga=G7ex

GyaG7ey
PNll(HlgN)-GIOHZ(N)'GZOHJ(Nl'G30H“(N)'G“‘NS(N)OGSOHb(N)OGGO
0H7(NI'570H8(N)'GBOH9(N)'GV)

PHIsPH1+HIQ(N}sGlD

RETURN

END

COMPILATION! NO DIAGNOSTICS.

FUNCTION PUCOB(XyYy2Z)

COMMON ,BLKL/A{101,B010),C(10),P{33),00331,R{33),W(6),H1é),1IPT
COMMON 7BLK2/HL(B) 4H2(B1 yHI(B) yHYTB) HELR) ,HOUB) ) HT (8] HB(B),
-uv(e),g?otsi.GA(a).Ga(e).Gctn).eD(e).Gzts).GF(&).GM(B).GI(B)
Eqm(P(yeP(218X¢P{3)0YsP(U)eZeP(EIoXeXPlb)oXoY P T)oYRZeP(g)0o20X,
ELsEl+P(251aXeYeZaP(26)¢XexoYoP (27 )aXexe?
FI'(Q(])‘Q(leXOQ(S)oVoQ(M)OZOQ(S)0!0!00(6)’XOV;Q(7)'YOZ‘O18)'Z'il
rlnr109,25).xcv-Zoq(26)0xox0V00127)cxoxOZ
Gl-(R(|yoﬂ(zl-xoR(J)OVoR(H)'Z0R(5)-Kox.ntb)-xov;R(7)~v-z0Rl8)01'l)
GI®GI*R(25)10XoYeZeR(26)0XeX0YeR(27)0X0x02
O1sA(1)eEtepll1leF1eC(1)*G]

D2=A(H4)eEjen(Y4)oFjeC(H)eG)

DISA(7)sELeBITIOF14CLT )61 e
D4=A(1Qy*EeB(10)eF12C(10)eGH
XJCOB=py+D2eY+DI*Z

XJCOB=xX jCOReDYeY®Z
PJCOB=|,/X)C08

RETURN

END

COMPILATION? NO DTAGNOSTICS.



